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(54) ROTATION ANGLE DETECTOR, TORQUE DETECTOR AND STEERING DEVICE 



(57) A rotational angle detecting device included in 
a steering apparatus or a torque detecting device 
includes a rotor having a portion which is magnetically 
discontinuous in an axial and a circumferential direc- 
tions of the rotor; and a magnetic sensor for detecting 
the position where magnetic change occurs in an axial 
direction of the rotating shaft when the rotor rotates, 
wherein a rotational angle of the rotor from the magnetic 
sensor as the base point is detected in accordance with 
the position detected by the magnetic sensor. There- 
fore, the device does not comprise any contact and slid- 
ing member so that excellent durability is realized. 
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D scription 
TECHNICAL FIELD 

[0001] The present invention relates to a rotational s 
angle detecting device for detecting a rotational angle, a 
torque detecting device for detecting torque applied on 
an input shaft in accordance with a torsional angle of a 
connecting shaft which connects the input shaft and an 
output shaft, and a steering apparatus for driving an w 
electric motor based on the detected result by the 
torque detecting device so that the motor generates a 
steering assisting force. 

BACKGROUND ART 75 

[0002] Some of steering apparatus for automobiles 
are constructed to reduce a driver's load by driving an 
electric motor so as to assist steering. The foregoing 
steering apparatus comprises an input shaft connected 20 
to a steering wheel; an output shaft connected to steer- 
ing control wheels through a pinion gear and a rack; and 
a connecting shaft (a torsion bar) connecting the input 
shaft and the output shaft. A torque detecting device 
detects the steering torque applied on the input shaft in 25 
accordance with the torsional angle generated in the 
connecting shaft. The electric motor for assisting steer- 
ing interlocked to the output shaft is controlled and 
driven based on the steering torque detected by the 
torque detecting device. Moreover, the rotational angle 30 
detecting device detects the neutral point of the steering 
wheel to control and drive the rotation of the electric 
motor which corresponds to the steering angle of the 
steering wheel. 

[0003] The above-mentioned rotational angle 35 
detecting device includes a component which contacts 
and slides on the other component, such as a potenti- 
ometer. Therefore, it suffers from unsatisfactory durabil- 
ity caused from abrasion and aging. 

[0004] Also, the above-mentioned torque detecting 40 
device is arranged to detect the impedance change of a 
magnetic circuit caused from torsion by the connecting 
shaft. Therefore, it has a too complicated construction. 
Thus, there arises a problem in that the manufacturing 
cost is high. 45 
[0005] To overcome the above-mentioned prob- 
lems, an object of the present invention is to provide a 
rotational angle detecting device which does not com- 
prise any contact and sliding portion and which realizes 
satisfactory durability. so 
[0006] Another object of the present invention is to 
provide a torque detecting device realizing a simple 
construction and capable of reducing the manufacturing 
cost. 

[0007] Another object of the invention is to provide a 55 
steering apparatus comprising a rotational angle detect- 
ing device according to any one of first invention to 
eighth invention and a torque detecting device accord- 



ing to the ninth invention or the tenth invention. 
[0008] Another object of the invention is to provide a 
torque detecting device capable of detecting torque 
when a sag portion is present in the characteristic of the 
output voltage of a magnetic sensor and easily manag- 
ing the accuracy of the output voltage of the magnetic 
sensor when a manufacturing process is performed. 
[0009] Another object of the invention is to provide a 
steering apparatus which is capable of detecting torque 
when a sag portion is present in the characteristic of the 
output voltage of the magnetic sensor of the torque 
detecting device and easily managing the accuracy of 
the output voltage of the magnetic sensor when the 
torque detecting device is manufactured. 
[0010] Another object of the present invention is to 
provide a rotational angle detecting device which does 
not include a contact and sliding portion, which realizes 
satisfactory durability, and a breakdown of which can 
easily be detected. 

[001 1 ] Another object of the invention is to provide a 
torque detecting device having a simple construction, 
capable of reducing the manufacturing cost and 
arranged to detect breakdown. 

[0012] Another object of the present invention is to 
provide a steering apparatus comprising a rotational 
angle detecting device according to any one of the 
twentieth invention to the twenty-second invention and a 
torque detecting device according to the twenty -first 
invention. 

[0013] Another object of the invention to provide a 
torque detecting device comprising four magnetic sen- 
sors and capable of preventing interruption of torque 
detection in a case where breakdown of one of the mag- 
netic sensors has occurred so that assisting steering is 
not rapidily changed. 

[0014] Another object of the present invention is to 
provide a steering apparatus which comprises a torque 
detecting device having four magnetic sensors, which is 
capable of preventing interruption of torque detection in 
a case where breakdown of one of the four magnetic 
sensors has occurred so that assisting steering is not 
rapidly changed. 

[0015] Another object of the present invention is to 
provide a rotational angle detecting device, a torque 
detecting device and a steering apparatus for an auto- 
mobile using them each of which is constructed such 
that the rotational angle and/or rotational torque of the 
rotating shaft is detected in accordance with an output 
of a magnetic sensor which is induced by a target pro- 
vided for a rotating shaft and made of magnetic material 
and which is capable of preventing occurrence of a 
detection error caused from the difference in the output 
characteristics of the magnetic sensors including com- 
pensation of change in the characteristics caused from 
the temperature and change in the characteristic occur- 
ring with time and preventing occurrence of a detection 
error caused from change in the air gap between the 
target and the magnetic sensor so as to permit accurate 
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detection to be performed for a long time. 
[0016] Another object of the present invention is to 
provide a torque detecting device which is capable of 
reliably selecting a magnetic sensor of two magnetic 
sensors disposed in the circumferential direction of a 5 
target which is generating an effective output and accu- 
rately calculating the rotational torque by using the out- 
put of the selected magnetic sensor and to provide a 
steering apparatus for an automobile arranged to detect 
the steering torque by using the torque detecting device w 
to accurately perform various controls in accordance 
with the detected torque. 

[0017] Another object of the present invention is to 
provide a torque detecting device which is constructed 
to detect rotational torque applied on a rotating shaft in 15 
accordance with an output of a magnetic sensor which 
is induced by a target provided for the rotating shaft and 
made of magnetic material and which is capable of pre- . 
venting occurrence of a detection error caused from the 
difference in the output characteristics of each magnetic 20 
sensor and the difference in the air gap between each 
magnetic sensor and the target and accurately detect- 
ing the torque for a long time and to provide a steering 
apparatus for an automobile comprising the torque 
detecting device. 25 
[0018] Another object of the present invention is to 
provide an rotational angle detecting device and a 
torque detecting device which realizes high detection 
accuracy and which is capable of reducing the manufac- 
turing cost by using a target on the outer surface of a 30 
rotating shaft which is simply manufactured with an 
excellent accuracy of the shape. Moreover, another 
object is to provide a steering apparatus in which the 
foregoing device is used to detect the steering angle 
and the steering torque to accurately perform various 35 
controls in accordance with the detected steering angle 
and the torque. 

[001 9] Another object of the invention is to provide a 
torque detecting device which is capable of preventing 
fluctuation in the air gap between the target and the *o 
magnetic sensor caused from bending deformation of 
the torsion bar and detecting the rotational torque with 
high accuracy and to provide a steering apparatus 
which uses the torque detecting device to detect the 
steering torque to perform various controls with high 45 
accuracy in accordance with detected torque. 

DISCLOSURE OF THE INVENTION 

[0020] A rotational angle detecting device accord- so 
ing to a first invention comprising: a rotor having a por- 
tion which is magnetically discontinuous in an axial and 
a circumferential directions thereof; and a magnetic' 
sensor for detecting the position in an axial direction of . 
said rotor where magnetically change occurs on the cir- 55 
cumferential surface of said rotor when said rotor 
rotates; wherein a rotational angle of said rotor from 
said magnetic sensor as the base point is detected in 



accordance with the position detected by said magnetic 
sensor. 

[0021] In the present invention, the portion of the 
rotor which is magnetically discontinuous in the axial 
and circumferential directions of the rotor is provided on 
the surface of the rotor. The magnetic sensor detects 
the position of the discontinuous portion in the axial 
direction. In accordance with the position detected by 
the magnetic sensor, the rotational angle of the rotor 
from the magnetic sensor as the base point is detected. 
As a result, the rotational angle detecting device which 
does not comprise any contact and sliding portion and 
which realizes satisfactory durability can be realized. 
[0022] A rotational angle detecting device accord- 
ing to a second invention is constructed such that said 
portion which is magnetically discontinuous is provided 
spirally on the circumferential surface of said rotor. 
. [0023] In this invention, the portion of the rotor 
which is magnetically discontinuous in the axial and cir- 
cumferential directions of the rotor is spirally provided 
on the surface of the rotor. Therefore, the position of the 
portion which is magnetically discontinuous in the axial 
direction of the rotor and the rotational angle of the rotor 
made from the magnetic sensor as the base point can 
be made correspond to each other. When the position of 
the portion which is magnetically discontinuous in the 
axial direction of the rotor is detected, the rotational 
angle of the rotor from the magnetic sensor as the base 
point can be detected. As a result, the rotational angle 
detecting device which does not comprise any contact 
and sliding portion and which realizes satisfactory dura- 
bility can be realized. 

[0024] A rotational angle detecting device accord- 
ing to a third invention is constructed such that a plural- 
ity ..of said portions which are magnetically 
discontinuous are provided on the circumferential sur- 
face of said rotor at the same intervals. 
[0025] In the present invention, the plural portions 
which are magnetically discontinuous are provided on 
the surface of the rotor at the same intervals. Therefore, 
change in the position of the portion which is magneti- 
cally discontinuous in the axial direction of the rotor can 
be enlarged with respect to the rotational angle from the 
magnetic sensor as the base point. Therefore, the 
amplifying gain can be reduced. Thus, satisfactory sta- 
bility against disturbance can be realized. 
[0026] A rotational angle detecting device accord- 
ing to a fourth invention is constructed such that said 
portion which is magnetically discontinuous is formed 
nonlinearly with respect to said rotational angle to make 
an output of the magnetic sensor to be linear with 
respect to said rotational angle. 

[0027] In the present invention, the portion which is 
magnetically discontinuous is provided nonlinearly with 
respect to the rotational angle to make an output of the 
magnetic sensor to be linear with respect to the rota- 
tional angle. In particular, the output of the magn tic 
sensor disposed at an end of the portion which is mag- 
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netically discontinuous can be made to be linear with 
respect to the rotational angle. Therefore, a rotational 
angle detecting device which does not comprise a mul- 
tiplicity of sensors, the cost of which can be reduced 
and which has a linear output characteristic can be real- 5 
ized. 

[0028] A rotational angle detecting device accord- 
ing to a fifth invention is constructed such that said por- 
tion which is magnetically discontinuous is divided into 
an axial direction of said rotor at the same position of io 
the circumferential direction of said rotor, and the 
divided portions are connected with each other in an 
axial direction of said rotor. 

[0029] Since the present invention is constructed 
such that the portion which is magnetically discontinu- is 
ous is divided into an axial direction of said rotor at the 
same position of the circumferential direction of said 
rotor, and the divided portions are connected with each 
other in an axial direction of said rotor. Therefore, the 
rotational angle detecting device in which the output is 20 
free from any fluctuation at an end of the portion which 
is magnetically discontinuous can be realized. 
[0030] A rotational angle detecting device accord- 
ing to a sixth invention is constructed such that said por- 
tion which is magnetically discontinuous is formed by 25 
winding a coil around the circumferential surface of said 
rotor and by welding or bonding the coil. 
[0031] Since the present invention has the con- 
struction such that the portion which is magnetically dis- 
continuous is formed by winding a coil around the 30 
circumferential surface of the rotor and by welding or 
bonding the coil, time required a processing can be 
shortened. Therefore, the manufacturing cost can be 
reduced. 

[0032] A rotational angle detecting device accord- 35 
ing to a seventh invention is constructed such that said 
portion which is magnetically discontinuous is formed 
by irradiating the circumferential surface of said rotor 
with an energy beam. 

[0033] Since the present invention has the con- 40 
struction such that the portion which is magnetically dis- 
continuous is formed by irradiating the circumferential 
surface of the rotor with the energy beam, an adjust- 
ment process can easily be completed. Therefore, the 
pattern of the portion which is magnetically discontinu- 45 
ous can accurately and freely be processed. 
[0034] A rotational angle detecting device accord- 
ing to an eighth invention comprises: a rotor having pro- 
trusions formed spirally on the circumferential surface 
thereof and made of magnetic material; and plural mag- so 
neto resistance effect elements for detecting the position 
in an axial direction of said rotor when said rotor rotates; 
wherein a rotational angle of said rotor from said plural 
magnetoresistance effect elements as the base points 
is detected in accordance with the positions detected by 55 
said plural magnetoresistance effect elements. 
[0035] In the present invention, the protrusion made 
of the magnetic material is spirally provided on the cir- 



cumferential surface of the rotor. Moreover, the magne- 
toresistance effect element detects the position of the 
protrusion in the axial direction of the rotor. In accord- 
ance with the detected position, the rotational angle of 
the rotor from the plural magnetoresistance effect ele- 
ments as the base points of the rotor is detected. As a 
result, the rotational angle detecting device which does 
not comprise any contact and sliding portion and which 
realizes satisfactory durability can be realized. 
[0036] A torque detecting device according to a 
ninth invention detects torque applied on an input shaft 
in accordance with a torsional angle generated in a con- 
necting shaft for connecting said input shaft and an out- 
put shaft, comprising: rotational angle detecting devices 
according to any one of claims 1 to 8 attached to each 
of said input shaft and said output shaft, respectively; 
and a rotational angle difference detector for detecting 
the difference between the rotational angles detected by 
said rotational angle detecting devices; wherein the dif- 
ference in the rotational angle detected by said rota- 
tional angle difference detector is made to be the 
torsional angle. 

[0037] In the present invention, the torque applied 
on the input shaft is detected in accordance with the tor- 
sional angle generated in the connecting shaft for con- 
necting the input shaft and the output shaft. The 
rotational angle detecting device according to any one 
of the first invention to eighth invention is attached to 
each of the input shaft and the output shaft. The rota- 
tional angle difference detector detects the difference in 
the rotational angle detected by each of the rotational 
angle detecting devices. The detected difference of the 
rotational angle is made to be the torsional angle. Thus, 
a torque detecting device realizing a simple construc- 
tion and capable of reducing manufacturing cost can be 
realized. 

[0038] A torque detecting device according to a 
tenth invention detects torque applied on an input shaft 
in accordance with a torsional angle generated in a con- 
necting shaft for connecting said input shaft and an out- 
put shaft, comprising: rotational angle detecting devices 
according to any one of claims 1 to 8 attached to each 
of said input shaft and said output shaft, respectively; 
two first calculators for calculating the opposite-phase 
difference between detection signals detected by said 
rotational angle detecting devices; and a second calcu- 
lator for calculating the difference between the differ- 
ences calculated by said two first calculator; wherein 
the difference detected by said second calculator is 
made to be the torsional angle. 

[0039] In the present invention, the torque applied 
on the input shaft is detected in accordance with the tor- 
sional angle generated in the connecting shaft for con- 
necting the input shaft and the output shaft. The 
rotational angle detecting device according to any one 
of the first invention to eighth invention is attached to 
each of the input shaft and the output shaft. Thus, the 
difference in the reversed polarity between the detection 
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signals outputted from the rotational angle detecting 
devices is calculated by the two first calculators. The 
second calculator calculates the difference in the differ- 
ences calculated by the two first calculators. The differ- 
ence calculated by the second calculator is made to be 5 
the torsional angle. Thus, the difference between the 
detection signals outputted from the rotational angle 
detecting devices is enlarged. As a result, the amplify- 
ing gain can be reduced. Thus, the torque detecting 
device which is stable against disturbance, which real- 10 
izes a simple construction and which is able to reduce 
the manufacturing cost can be realized. 
[0040] A steering apparatus according to an elev- 
enth invention comprises: an input shaft connected to a 
steering wheel; an electric motor, for assisting steering 75 
which is driven and controlled in accordance with steer- 
ing torque applied on said steering wheel; an output 
shaft interlocked to said electric motor; and a torque 
detecting device for detecting the steering torque 
applied on said input shaft in accordance with the tor- 20 
sional angle generated in a connecting shaft for con- 
necting said input shaft and said output shaft; wherein a 
rotational angle detecting device included in said torque 
detecting device detects the rotational angle of said 
steering wheel. 25 
[0041] In the present invention, the input shaft is 
connected to the steering wheel, the electric motor for 
assisting steering is driven and controlled in accordance 
with the steering torque applied on the steering wheel 
and the output shaft is interlocked to the electric motor 30 
for assisting steering. The torque detecting device 
according to the ninth invention or the tenth invention 
detects the steering torque applied on the input shaft in 
accordance with the torsional angle generated in the 
connecting shaft for connecting the input shaft and the 35 
output shaft. The rotational angle detecting device 
included in the torque detecting device detects the 
steering angle of the steering wheel. As a result, the 
steering apparatus comprising the torque detecting 
device according to the ninth invention or the tenth 40 
invention can be realized. Moreover, the steering appa- 
ratus is able to use two rotational angle detecting 
devices according to any one of the first invention to 
eighth invention as the rotational angle detecting 
devices. 45 
[0042] A torque detecting device according to a 
twelfth invention comprises: an input shaft and an out- 
put shaft each having a portion which is magnetically 
discontinuous in an axial and a circumferential direc- 
tions thereof; a connecting shaft for connecting said 50 
input shaft and said output shaft; first and second mag- 
netic sensors for detecting the positions where mag- 
netic change occurs on the circumferential surfaces in 
the axiaJ direction of said input shaft and said output 
shaft when said input shaft and said output shaft rotate; 55 
third and fourth sensors for detecting the positions in 
said axial direction which are distant from said positions 
detected by said first and second magnetic sensors for 



a predetermined distance in said circumferential direc- 
tion and/or said axial direction; a judging unit for judging 
whether or not said positions detected by said first to 
fourth magnetic sensors are included in a predeter- 
mined range; a selector for selecting the position for 
detecting a torsional angle of said connecting shaft for 
each of said input shaft and said output shaft in accord- 
ance with a judgement result made by said judging unit; 
and a torsional angle detector for detecting the torsional 
angle in accordance with each position selected by said 
selector; wherein the torque applied on said input shaft 
is detected, in accordance with the torsional angle 
detected by said torsional angle detector. 
[0043] In the present invention, the portion which is 
magnetically discontinuous is provided for the circum- 
ferential surface of each of the input shaft and the output 
shaft connected to each other by a connecting shaft 
such that the portion which is magneticaJly discontinu- 
ous is displaced in the axial direction and a circumferen- 
tial direction. The first and second magnetic sensors 
detect the position of the portion which is magnetically 
discontinuous in the axial direction of each of the input 
shaft and the output shaft. The third and fourth mag- 
netic sensors detect the position of the portion which is 
magnetically discontinuous in the axial direction which 
is disposed apart from the positions detected by the first 
and second magnetic sensors. The judging unit judges 
whether or not the positions detected by the first to 
fourth magnetic sensors are included in a predeter- 
mined range. The selector selects the positions for 
detecting the torsional angle of the connecting shaft for 
each of the input shaft and the output shaft. The tor- 
sional angle detector detects the torsional angle in 
accordance with the positions selected by the selector 
so that torque which is applied on the input shaft is 
detected in accordance with the torsional angle 
detected by the torsional angle detector. Therefore, 
when a sag portion is present in the characteristic of the 
output voltage of the magnetic sensors, torque can be 
detected. Thus, the torque detecting device can be real- 
ized which is capable of easily managing the accuracy 
of the output voltage of the magnetic sensor when a 
manufacturing process is performed. 
[0044] A torque detecting device according to a thir- 
teenth invention further comprises a corrector for cor- 
recting the torsional angle detected by said torsional 
angle detector in accordance with each position 
selected by said sensor and each predetermined dis- 
tance. 

[0045] In the present invention, the corrector cor- 
rects the torsional angle detected by the torsional angle 
detector in accordance with the position and the prede- 
termined intervals selected by the selector. Therefore, 
the output voltage of each of the third and fourth mag- 
netic sensors for detecting the positions different from 
the positions detected by the first and second magnetic 
sensors by a predetermined angle is used to correct the 
sag portion of the output voltage of each of the first and 
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second magnetic sensors. Therefore, when a sag por- 
tion is present in the characteristic of the output voltage 
of the first and second magnetic sensors, torque can be 
detected. Thus, the torque detecting device can be real- 
ized which is capable of easily managing the accuracy 
of the output voltage of the magnetic sensor when a 
manufacturing process is performed. 
[0046] A torque detecting device according to a 
fourteenth invention further comprises: a calculator for 
calculating a corrective value for correcting the torsional 
angle detected by said torsional angle detector in 
accordance with each position selected by said sensor 
and the position detected by each of said first to fourth 
magnetic sensors; and a corrector for correcting the tor- 
sional angle in accordance with the corrective value cal- 
culated by said calculator and each position selected by 
said selector. 

[0047] In the present invention, the calculator calcu- 
lates the corrective value for correcting the torsional 
angle detected by the torsional angle detector in 
accordance with the positions selected by the selector 
and the positions detected by the first to fourth magnetic 
sensors. The corrector corrects the torsional angle in 
accordance with the corrective value calculated by the 
calculator and the positions selected by the selector. 
Thus, the output voltage of each of the third and fourth 
magnetic sensors for detecting the position different 
from the positions detected by the first and second mag- 
netic sensors by a predetermined angle is used to cor- 
rect the sag portion of the output voltage of each of the 
first and second magnetic sensors. Therefore, when a 
sag portion is present in the characteristics of the output 
voltage of the magnetic sensors, torque can be 
detected. Thus, the torque detecting device can be real- 
ized which is capable of easily managing the accuracy 
of the output voltage of the magnetic sensor when a 
manufacturing process is performed. 
[0048] A torque detecting device according to a fif- 
teenth invention is constructed such that said portion 
which is magnetically discontinuous is provided spirally 
on each circumferential surface of said input shaft and 
said output shaft. 

[0049] In the present invention, the portion which is 
magnetically discontinuous is spirally formed on the cir- 
cumferential surface of each of the input shaft and the 
output shaft. Therefore, the position in the axial direc- 
tion detected by each magnetic sensor and the angle in 
the circumferential direction can be made correspond to 
each other. Therefore, when a sag portion is present in 
the characteristic of the output voltage of the magnetic 
sensor, torque can be detected. Thus, the torque 
detecting device can be realized which is capable of 
easily managing the accuracy of the output voltage of 
the magnetic sensor when a manufacturing process is 
performed. 

[0050] A torque detecting device according to a six- 
teenth inv ntion is constructed such that a plurality of 
said portions which are magnetically discontinuous are 



provided on the circumferential surface of each of said 
input shaft and said output shaft at the same intervals. 
[0051] In the present invention, the plural portions 
which are magnetically discontinuous are provided on 

5 the circumferential surfaces of the input shaft and the 
output shaft at the same intervals. Therefore, the output 
voltage of the magnetic sensor per angle in the circum- 
ferential direction can be enlarged. Therefore, when a 
sag portion is present in the characteristic of the output 

w voltage of the magnetic sensor, torque can be detected. 
Thus, the torque detecting device can be realized which 
is capable of easily managing the accuracy of the output 
voltage of the magnetic sensor when a manufacturing 
process is performed. 

is [0052] A torque detecting device according to a 
seventeenth invention is constructed such that said por- 
tion which is magnetically discontinuous is formed by 
protrusions made of magnetic material. 
[0053] In the present invention, the portion which is 

20 magnetically discontinuous is a protrusion made of the 
magnetic material. Therefore, when a sag portion is 
present in the characteristics of the output voltage of the 
magnetic sensor, torque can be detected. Thus, the 
torque detecting device can be realized which is capa- 

25 ble of easily managing the accuracy of the output volt- 
age of the magnetic sensor when a manufacturing 
process is performed. 

[0054] A torque detecting device according to an 
eighteenth invention comprises: storage units in which 

30 electric signals which are outputted to correspond to the 
positions detected by said first to fourth magnetic sen- 
sors and predetermined electric signals which must be 
outputted to correspond to the positions detected by 
said first to fourth magnetic sensors are made to corre- 

35 spond to one another and stored therein; and an output 
unit for outputting each electric signal which must be 
outputted in accordance with the electric signals output- 
ted from said first to fourth magnetic sensors and the 
contents stored in each storage unit; wherein each elec- 

40 trie signal outputted from said output unit is made to be 
the signals indicting the positions detected by said first 
to fourth magnetic sensors. 

[0055] In the present invention, the storage units 
store the electric signals which are outputted to corre- 

45 spond to the positions detected by the first to fourth 
magnetic sensors and electric signals which are previ- 
ously set and must be outputted to correspond to the 
positions detected by the first to fourth magnetic sen- 
sors corresponding to one another. The output unit out- 

so • puts the electric signal which must be outputted in 
accordance with the electric signal outputted from the 
first to fourth magnetic sensors and the contents stored 
in each of the storage units. Thus, each electric signal 
outputted from the output unit is made to be each signal 

55 indicating the position detected by each of the first to 
fourth magnetic sensors. Therefore, when a sag portion 
is present in the characteristic of the output voltage of 
the magnetic sensors, torque can be detected. Thus, 
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the torque detecting device can be realized which is 
capabl of easily managing the accuracy of the output 
voltage of the magnetic sensor when a manufacturing 
process is performed. 

[0056] A steering apparatus according to a nine- 5 
teenth invention comprises: an input shaft connected to 
a steering wheel; an electric motor for assisting steering 
which is driven and controlled in accordance with the 
steering torque applied on said steering wheel; an out- 
put shaft interlocked to said electric motor; and a torque w 
detecting device according to any one of claims 12 to 1 8 
for detecting the steering torque applied on said input 
shaft in accordance with the torsional angle generated 
in a connecting shaft for connecting said input shaft and 
said output shaft. 15 
[0057] In the present invention, the input shaft is 
connected to the steering wheel. The electric motor for 
assisting steering is driven and controlled in accordance 
with the steering torque applied on the steering wheel. 
The output shaft is interlocked to the electric motor. Any 20 
one of the torque detecting device according to the 
twelfth invention to eighteenth invention detects the 
steering torque applied on the input shaft in accordance 
with the torsional angle generated in the connecting 
shaft for connecting the input shaft and the output shaft 25 
Thus, the steering apparatus can be realized which is 
capable of detecting torque when a sag portion is 
present in the characteristic of the output voltage of the 
magnetic sensors of the torque detecting device and 
easily managing the accuracy of the output voltage of 30 
the magnetic sensor when the torque detecting device 
is manufactured. 

[0058] A rotational angle detecting device accord- 
ing to a twentieth invention comprises: a rotating shaft 
having a portion which is magnetically discontinuous on 35 
the circumferential surface thereof in an axial and a cir- 
cumferential directions thereon and first magnetic sen- 
sors for detecting the positions where magnetic change 
occurs on the circumferential surfaces of said rotating 
shaft in said axial direction when said rotating shaft 40 
rotates; wherein a rotational angle of said rotating shaft 
from said magnetic sensor as the base point is detected 
in accordance with the position detected by said mag- 
netic sensor, further comprising; one or more second 
magnetic sensors for detecting a position distant from 45 
the position which must be detected by said first mag- 
netic sensor for a predetermined distance; and a judg- 
ing unit for judging a failure in accordance with the 
distance between the position detected by said second 
magnetic sensor and said first magnetic sensor. 50 
[0059] In the present invention, the portion which is 
magnetically discontinuous is provided on the circum- 
ferential surface of the rotating shaft such that the por- 
tion which is magnetically discontinuous is displaced in 
the axial and circumferential directions of the rotating 55 
shaft. The first magnetic sensor detects the position of 
the portion in the axial direction. Thus, the rotational 
angle from the first magnetic sensor as the base point of 



the rotating shaft is detected in accordance with the 
position detected by the first magnetic sensor. The one 
or more second magnetic sensors are provided for 
detecting a position distant from the position which must 
be detected by the first magnetic sensor for a predeter- 
mined distance. The judging unit judges a breakdown in 
accordance with the distance of the positions detected 
by the second and first magnetic sensors. Thus, the 
rotational angle detecting device can be realized which 
does not include a contact and sliding portion, which 
realizes satisfactory durability, and a breakdown of 
which can easily be detected. 

[0060] A rotational angle detecting device accord- 
ing to a twenty-first invention is constructed such that 
said portion which is magnetically discontinuous is pro- 
vided spirally on the circumferential surface of said 
rotating shaft. 

[0061] In the present invention, the portion which is 
magnetically discontinuous is spirally provided on the 
circumferential surface of the rotating shaft in the axial 
and circumferential directions thereof. By detecting the 
position of the portion which is magnetically discontinu- 
ous in the axial direction, the rotational angle of the 
rotating shaft from the first magnetic sensor as the base 
point can be detected. The one or more second mag- 
netic sensors are provided for detecting positions dis- 
tant from the position which must be detected by the 
first magnetic sensor for a predetermined distance. The 
judging unit judges breakdown in accordance with the 
distance between positions detected by the second 
magnetic sensor and the first magnetic sensor. Thus, 
the rotational angle detecting device can be realized 
which does not include a contact and sliding portion, 
which realizes satisfactory durability, and a breakdown 
of which can easily be detected. 

[0062] A rotational angle detecting device accord- 
ing to a twenty-second invention comprises: a rotating 
shaft having protrusions provided spirally on the circum- 
ferential surface thereof and made of magnetic material; 
a first magnetic sensor for detecting the position where 
magnetic change occurs on the circumferential surface 
of said rotating shaft in said axial direction when said 
rotating shaft rotates; wherein a rotational angle of said 
rotating shaft from said first magnetic sensor in the cir- 
cumferential direction of said rotating shaft is detected 
in accordance with the position detected by said first 
magnetic sensor, further comprising; one or more sec- 
ond magnetic sensors for detecting a position distant 
from the position which must be detected by said first 
magnetic sensor for a predetermined distance; and a 
judging unit for judging a failure in accordance with the 
intervals between the position detected by said second 
magnetic sensor and said first magnetic sensor. 
[0063] in the present invention, the protrusion made 
of magnetic material is spirally formed on the circumfer- 
ential surface in the axial direction of a rotating shaft. 
The first magnetic sensor detects the position of the 
protrusion in the axial direction of the rotating shaft. 
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Thus, the rotational angle of the rotating shaft from the 
first magnetic sensor as the base point in the circumfer- 
ential direction is detected. The one or more second 
magnetic sensor are provided for detecting a position 
distant from the position which must be detected by the 
first magnetic sensor for a predetermined distance. The 
judging unit judges breakdown in accordance with the 
distance of the positions detected by the second mag- 
netic sensor and the first magnetic sensor. Thus, the 
rotational angle detecting device can be realized which 
does not include a contact and sliding portion, which 
realizes satisfactory durability, and a breakdown of 
which can easily be detected. 

[0064] A torque detecting device according to a 
twenty-third invention detects torque applied on an input 
shaft in accordance with the torsional angle generated 
in a connecting shaft for connecting said input shaft and 
an output shaft, comprising: a rotational angle detecting 
device according to any one of claims 20 to 22 attached 
to each of said input shaft and said output shaft; and a 
detector for detecting the difference in the angles 
detected by said rotational angle detecting devices; 
wherein the difference in the angle detected by said 
detector is made to be a torsional angle. 
[0065] In the present invention, the torque applied, 
on the input shaft is detected in accordance with the tor- 
sional angle generated in the connecting shaft for con- 
necting the input shaft and the output shaft. The 
rotational angle detecting device according to any one 
of the twentieth invention to the twenty-second invention 
is attached to each of the input shaft and the output 
shaft. The detector detects the difference in the rota- 
tional angle detected by each of the rotational angle 
detecting devices. The detected difference in the rota- 
tional angle is made to be the torsional angle generated 
in the connecting shaft. Thus, the torque detecting 
device can be realized which has a simple construction, 
which is capable of reducing the manufacturing cost 
and which is arranged to detect breakdown. 
[0066] A steering apparatus according to a twenty- 
fourth invention comprises: an input shaft connected to 
a steering wheel; an electric motor for assisting steering 
which is driven and controlled in accordance with the 
steering torque applied on said steering wheel; an out- 
put shaft interlocked to said electric motor; and a torque 
detecting device according to claim 23 for detecting the 
steering torque applied on said input shaft in accord- 
ance with the torsional angle generated in a connecting 
shaft for connecting said input shaft and said output 
shaft; wherein a rotational angle detecting device 
included in said torque detecting device detects the 
rotational angle of said steering wheel. 
[0067] In the, present invention, the input shaft is 
connected to the steering wheel. The electric motor for 
assisting steering is driven and controlled in accordance 
with steering torque applied on the steering wheel. The 
output shaft is interlocked to the electric motor. The 
torque detecting device according to the twenty-third 



invention detects the steering torque applied on the 
input shaft in accordance with the torsional angle gener- 
ated in the connecting shaft for connecting the input 
shaft and the output shaft. Thus, the rotational angle 

5 detecting device included in the torque detecting device 
detects the rotational angle of the steering wheel. Thus, 
the steering apparatus comprising the torque detecting 
device according to the twenty-third invention can be 
realized. Moreover, the steering apparatus is able to use 

;o either or both of the rotational angle detecting device 
according to any one of the twentieth invention to 
twenty-second invention as the rotational angle detect- 
ing device. 

[0068] A torque detecting device according to a 

15 twenty-fifth invention comprises: an input shaft and an 
output shaft each having a portion which is magnetically 
discontinuous in an axial and a circumferential direc- 
tions thereof; a connecting shaft for connecting said 
input shaft and said output shaft; first and second mag- 

20 netic sensors for detecting the positions where mag- 
netic change occurs on the circumferential surfaces of 
said input shaft and said output shaft in said axial direc- 
tion when said input shaft and said output shaft rotate; 
third and fourth magnetic sensors for detecting the posi- 

25 tions in said axial direction which are distant from said 
positions detected by said first and second magnetic 
sensors for a predetermined distance in said circumfer- 
ential direction and/or said axial direction; wherein 
whether or not said positions detected by said first to 

30 fourth magnetic sensors are included in a first range is 
judged; the position for detecting a torsional angle of 
said connecting shaft for each of said input shaft and 
said output shaft is detected in accordance with the 
judgement result is made; a torsional angle is detected 

35 in accordance with each position selected by said selec- 
tor; and the torque applied on said input shaft is 
detected in accordance with the torsional angle; further 
comprising; a first selector for selecting a pair which 
does not include a broken magnetic sensor from a pair 

•*o consisting of said first magnetic sensor and said second 
magnetic sensor and a pair consisting of said third mag- 
netic sensor and said fourth magnetic sensor when any 
one of said first to fourth magnetic sensor has been bro- 
ken; a judging unit for judging whether or not the posi- 

45 tiqns detected by said magnetic sensor of the pair 
selected by said first selector is included in a second 
range which is larger than said first range; and a detec- 
tor for detecting the torsional angle in accordance with 
said position when said judging unit has judged that the 

so position is included in said second range; wherein 
torque applied on said input shaft is detected in accord- 
ance with the torsional angle detected by said detector. 
[0069] In the present invention, the first and second 
magnetic sensors detect the positions of portions which 

55 are magnetically discontinuous formed on the circum- 
ferential surface of each of the input shaft and the output 
shaft connected to each other by a connecting shaft 
with displacement in the axial and circumferential direc- 
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tions. The position of the portion distant from the posi- 
tion of the portion detected by the first magnetic sensor 
and the second magnetic sensor for a predetermined 
distance in the circumferential direction and/or the axial 
direction is detected by the third and fourth magnetic 5 
sensors. Then, whether or not the position detected by 
each of the first to fourth magnetic sensors is present in 
a first range is judged. The position for detecting the tor- 
sional angle of the connecting shaft is selected for each 
of the input shaft and the output shaft in accordance w 
with a judgement result. The torsional angle is detected 
in accordance with each of the selected positions. The 
torque applied on the input shaft is detected in accord- 
ance with the detected torsional angle. The first selector 
selects a pair from a pair consisting of the first magnetic 75 
sensor and the second magnetic sensor and a pair con- 
sisting of the third magnetic sensor and the fourth mag- 
netic sensor which does not include a magnetic sensor 
encountered breakdown when any one of the first to 
fourth magnetic sensor has encountered breakdown. 20 
The judging unit judges whether or not'the position of 
the portion detected by the magnetic sensors in the pair 
selected by the first selector is present in a second 
range which is larger than the first range; and a detector 
for detecting the torsional angle in accordance with the 2 5 
position of the portion when the judging unit has judged 
that the position of the portion is present in the second 
range. Thus, the torque applied on the input shaft is 
detected in accordance with the torsional angle 
detected by the detector. Thus, the torque detecting 30 
device can be realized which comprises four magnetic 
sensors and which is capable of preventing interruption 
of torque detection in a case where breakdown of one of 
the magnetic sensors has occurred so that assisting 
steering is not rapidly changed. . 35 
[0070] A torque detecting device according to a 
twenty-sixth invention has a construction that said judg- 
ing unit includes: a second selector for selecting a pair 
which does not include a broken magnetic sensor from 
a pair consisting of said first magnetic sensor and said 40 
third magnetic sensor and a pair consisting of said sec- 
ond magnetic sensor and said fourth magnetic sensor; 
a judging unit for judging whether or not two positions 
detected by said magnetic sensors in a pair selected by 
said second selector are included in said first range; a 45 
third selector for selecting one position from said two 
positions in accordance with a judgement result made 
by said judging unit; and a corrector for correcting the 
position selected by said third selector in accordance 
with said two positions and said predetermined dis- so 
tance; wherein whether or not said position is included 
in said second range is judged in accordance with the 
position corrected by said corrector. 
[0071] In the present invention, the second selector 
selects the pair from the pair consisting of the first mag- 55 
netic sensor and the third magnetic sensor and the pair 
consisting of the second magnetic sensor and the fourth 
magnetic sensor which does not include the magnetic 
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sensor encountered breakdown. The judging unit 
judges whether or not the two positions detected by the 
pairwise magnetic sensors selected by the second 
selector are present in the first range. The third selector 
selects one position from the two positions in accord- 
ance with a judgement result made by the judging unit. 
The corrector corrects the position selected by the third 
selector in accordance with the two positions and each 
of a predetermined distance. Thus, whether or not the 
position of the portion is present in the second range in 
accordance with the position corrected by the corrector. 
As a result, the torque detecting device can be realized 
which comprises the four magnetic sensors and which 
is capable of preventing interruption of torque detection 
in a case where breakdown of one of the magnetic sen- 
sors has occurred so that assisting steering is not rap- 
idly changed. 

[0072] A torque detecting device according to a 
twenty-seventh invention has a construction that said 
portion which is magnetically discontinuous is provided 
spirally on each circumferential surface of said input 
shaft and said output shaft. 

[0073] In the present invention, the portion which is 
magnetically discontinuous is spirally provided on the 
circumferential surface of each of the input shaft and the 
output shaft. Therefore, the position detected by each of 
the magnetic sensors in the axial direction and an angle 
in the circumferential direction can be made correspond 
to each other. Therefore, the torque detecting device 
can be realized which is capable of preventing interrup- 
tion of torque detection in a case where breakdown of 
one of the four magnetic sensors has occurred so that 
assisting steering is not rapidly changed. 
[0074] A torque detecting device according to a 
twenty-eighth invention has a construction that a plural- 
ity of said portions which are magnetically discontinu- 
ous are provided on the circumferential surface of each 
of said input shaft and said output shaft at the same 
intervals. 

[0075] In the present invention, a plurality of the 
portions which are magnetically discontinuous are pro- 
vided on the circumferential surface of each of the input 
shaft and the output shaft at the same intervals. There- 
fore, the output voltage of the magnetic sensor per 
angle in the circumferential direction can be raised. 
Therefore, the torque detecting device can be realized 
which is capable of preventing interruption of torque 
detection in a case where breakdown of one of the four 
magnetic sensors has occurred so that assisting steer- 
ing is not rapidly changed. 

[0076] A torque detecting device according to a 
twenty-ninth invention is constructed such that said por- 
tion which is magnetically discontinuous is formed by 
protrusions made of magnetic material. 
[0077] In the present invention, the portion which is 
magnetically discontinuous is a protrusion made of 
magnetic material. Therefore, the torque detecting 
device can be realized which is able to detect the torque 
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when a sag portion is present in the characteristic of the 
output voltage of the magnetic sensor and which is 
capable of preventing interruption of torque detection in 
a case where breakdown of one of the four magnetic 
sensors has occurred so that assisting steering is not 5 
rapidly changed. 

[0078] A steering apparatus according to a thirtieth 
invention comprises: an input shaft connected to a 
steering wheel; an electric motor for assisting steering 
which is driven and controlled in accordance with the w 
steering torque applied on said steering wheel; an out- 
put shaft interlocked, to said electric motor; and a 
torque detecting device according to any one of claims 
25 to 29 for detecting the steering torque applied on 
said input shaft in accordance with the torsional angle 75 
generated in a connecting shaft for connecting said 
input shaft and said output shaft. 

[0079] In the present invention, the input shaft is 
connected to the steering wheel. The electric motor for 
assisting steering is driven and controlled in accordance 20 
with steering torque applied on the steering wheel. The 
output shaft is interlocked to the electric motor. The 
torque detecting device according to any one of the 
twenty-fifth invention to twenty-ninth invention detects 
the steering torque applied on the input shaft in accord- 25 
ance with the torsional angle generated in the connect- 
ing shaft for connecting the input shaft and the output 
shaft. Thus, the steering apparatus can be realized 
which comprises a torque detecting device having four 
magnetic sensors, which is capable of preventing inter- 30 
ruption of torque detection in a case where breakdown 
of one of the four magnetic sensors has occurred so 
that assisting steering is not rapidly changed. 
[0080] A rotational angle detecting device accord- 
ing to a thirty-first invention comprises: a plurality of tar- 35 
gets disposed in the circumferential direction of a 
rotating shaft such that said targets are inclined with 
respect to an axial direction of said rotating shaft by 
substantially the same angles; magnetic sensor dis- 
posed opposite to the position where said targets are 40 
disposed to generate outputs which are changed when 
each target passes; and an angle calculator for calculat- 
ing the rotational angle of said rotating shaft in accord- 
ance with a result obtained by multiplying outputs of 
said magnetic sensor with a gain, wherein said angle 45 
calculator includes a gain corrector for correcting said 
gain in accordance with a maximum value and a mini- 
mum value of outputs of said magnetic sensor when 
said plural targets pass. 

[0081] In the present invention, the hysteresis of the so 
output of the magnetic sensor disposed opposite to the 
targets is monitored. In accordance with the maximum 
value and the minimum value of the output generated 
during passing of the previous target, the gain with 
which the output of the magnetic sensor during passing 55 
of a next target is multiplied is sequentially corrected. 
When the next target passes, the rotational angle is cal- 
culated in accordance with a result of multiplication of 



the actual output of the magnetic sensor with the correc- 
tive gain. Thus, change in the output characteristics of 
the magnetic sensor caused from an influence of the 
temperature and an influence caused from time is com- 
pensated. 

[0082] A rotational angle detecting device accord- 
ing to a thirty-second invention is constructed such that 
said gain corrector according to the thirty-first invention 
obtains a ratio of the difference between the maximum 
value and the minimum value and a predetermined ref- 
erence difference to obtain a corrective gain by multiply- 
ing a result with the reference gain set for said reference 
difference. 

[0083] In the present invention, the difference 
between the maximum value- and a minimum value of 
the output of the magnetic sensor during passing of the 
target is obtained as a value on which any influence of 
change of the air gap is not exerted. The reference gain 
set with respect to the reference difference is multiplied 
with the ratio of the. difference and the predetermined 
reference difference to obtain an accurate corrective 
gain. In a period in which the next target passes, the 
corrective gain is multiplied with the actual output of the 
magnetic sensor so as to be made coincide with the ref- 
erence output characteristic. In accordance with, a 
result, an accurate rotational angle is calculated. 
[0084] A rotational angle detecting device accord- 
ing to a thirty-third invention comprises: a plurality of tar- 
gets disposed in the circumferential direction of a 
rotating shaft such that said targets are inclined with 
respect to an axial direction of said rotating shaft by 
substantially the same angles; magnetic sensor dis- 
posed opposite to the position where said targets are 
disposed to generate outputs which are changed when 
each target passes; and an angle calculator for calculat- 
ing the rotational angle of said rotating shaft in accord- 
ance with a result obtained by multiplying outputs of 
said magnetic sensor with a gain, wherein said angle 
calculator includes an offsetting unit for offsetting said 
output in accordance with a maximum value and a min- 
imum value of outputs of said magnetic sensor when 
said plural targets pass. 

[0085] In the present invention, the hysteresis of the 
output of the magnetic sensor disposed opposite to the 
targets is monitored. In accordance with the maximum 
value and the minimum value of the output during pass- 
ing of the previous target, the offset amount superim- 
posed on the output owing to change of the air gap 
between the target and the magnetic sensor is sequen- 
tially obtained. In a period in which a next target passes, 
the obtained amount of offset for the previous target is 
added to the actual output of the magnetic sensor to 
omit an error in the output caused from change of the air 
gap. In accordance with a result, an accurate rotational 
angle is calculated. 

[0086] A rotational angle detecting device accord- 
ing to a thirty-fourth invention has a construction that 
said offsetting unit according to the thirty-third invention 
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makes the difference between an average value of said 
maximum value and said minimum value and a prede- 
termined reference average value to be an offset 
amount. 

[0087] In the present invention, the average value of 
the maximum value and the minimum value of the out- 
put of the magnetic sensor during passing of the previ- 
ous target is obtained as a value on which any influence 
is exerted from the output characteristics of the mag- 
netic sensor. The difference between the foregoing 
value and the predetermined reference average value is 
made to be the offset amount which is added to the out- 
put of the magnetic sensor generated in a period in 
which a next target passes. In accordance with a result 
of addition, an accurate rotational angle from which an 
influence of change of the air gap has been omitted is 
calculated. 

[0088] A rotational angle detecting device accord- 
ing to a thirty-fifth invention is constructed such that a 
plurality of said magnetic sensors according to the 
thirty-first invention to thirty-fourth invention are pro- 
vided in the circumferential direction on the outside of 
said target such that the phases are shifted. 
[0089] In the present invention, a plurality of the 
magnetic sensors are provided in the circumferential 
direction of the target such that the phases of the mag- 
netic sensors are shifted in the circumferential direction. 
Therefore, influences of the difference in the output 
characteristics of each magnetic sensor and that in the 
air gap between each magnetic sensor and the target 
can be eliminated. Thus, an accurate rotational angle is 
calculated. 

[0090] A torque detecting device according to a 
thirty-sixth invention comprises: two rotational angle 
detecting devices according to any one of the thirty-first 
invention to thirty-fifth invention disposed apart from 
each other in the axial direction of said rotating shaft; 
and a torque calculator for calculating the torque 
applied on said rotating shaft in accordance with the dif- 
ference in the rotational angle detected by each rota- 
tional angle detecting device. 

[0091] In the present invention, two rotational angle 
detecting devices which can obtain an accurate rota- 
tional angle without any influence of the output charac- 
teristics of each magnetic sensor and that of the air gap 
between the magnetic sensor and the target are dis- 
posed in the axial direction of the rotating shaft which 
must be detected. In accordance with the difference in 
the rotational angle detected by each of the rotational 
angle detecting devices, the rotational torque applied on 
the rotating shaft can accurately be detected. 
[0092] A torque detecting device according to a 
thirty-seventh invention is constructed such that said 
rotating shaft according to the thirty-sixth invention is a 
member constructed by coaxially connecting a first 
shaft and a second shaft to each other through a torsion 
bar; and said targets are disposed adjacent to connect- 
ing portion between said first shaft and said second 



shaft. 

[0093] In the present invention, the member formed 
by coaxially connecting the first shaft and the second 
shaft through the torsion bar must be detected. The tar- 
5 get is parallelly provided for each of the first and second 
shafts. Moreover, a magnetic sensor is disposed oppo- 
site to the targets to accurately detect the rotational 
torque applied on the first and second shafts in accord- 
ance with the difference in the rotational angle gener- 
ic? ated between the two shafts with a twist of the torsion 
bar. 

[0094] A steering apparatus according to a thirty- 
eighth invention comprises: a rotational angle detecting 
device according to any one of the thirty -first invention 

75 to thirty-fifth invention constructed such that a steering 
shaft for connecting a steering wheel and a steering 
mechanism is said rotating shaft; and a torque detecting 
device according to the thirty-sixth invention and/or the 
thirty -seventh invention. 

20 [0095] In the present invention, above-mentioned 
rotational angle detecting device and torque detecting 
device are applied to the steering apparatus for an auto- 
mobile. Accurately detected values of the steering angle 
and the steering torque are obtained. The obtained 

25 results are used to, for example, drive and control the 
rotation of the electric . motor for assisting steering. 
Thus, a reliable electric power steering apparatus is 
provided. 

[0096] A torque detecting device according to a 

30 thirty-ninth invention comprising: two pairs of plural tar- 
gets and two magnetic sensors, wherein said plural tar- 
gets are disposed in the circumferential direction of a 
rotating shaft and inclined with respect to an axial direc- 
tion of said rotating shaft by substantially the same 

35 angles; and said two magnetic sensors are disposed 
opposite to each other at positions on the outside of 
said targets such that the phases of said magnetic sen- 
sors are shifted in the circumferential direction to gener- 
ate outputs which are changed when each target 

40 passes; are provide apart from each other in the axial 
direction of said rotating shaft, and the difference 
between outputs of either of selected magnetic sensor 
in each pair is used to calculate the rotational torque 
applied on said rotating shaft; further comprising: a 

45 comparator for comparing the absolute value of the dif- 
ference in the output of the selected magnetic sensors 
and the difference in the output of the non-selected 
magnetic sensors; a judging unit for judging the sign of 
the difference in the output between selected magnetic 

so sensors and the sign of the difference in the output 
between non-selected magnetic sensors; and a selector 
for selecting a magnetic sensor for use in calculating the 
rotational torque in accordance with a judgement result 
by said judging unit and a comparison result by said 

55 comparator. 

[0097] In the present invention, the torque detecting 
device has the construction that the two pairs of the tar- 
gets and the magnetic sensors are provided in the axial 
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direction of the rotating shaft which must be detected. In 
accordance with the difference in the output between 
the magnetic sensors in the two pairs, the rotational 
torque is calculated. When change in the outputs of the 
selected magnetic sensors in the two pairs which are 5 
being used to calculate the rotational torque is 
observed, attention is given to a fact that the sign of the 
difference in the output is inverted between a linearly- 
changed region and a nonlineariy-changed region. In 
accordance with inversion of the sign and reduction in 10 
the absolute value of the difference in the output occur- 
ring before the inversion, shift from the linearly-changed 
region to the nonlineariy-changed region is judged. In 
accordance with a result of the judgement, a magnetic 
sensor for use to calculate the rotational torque is 15 
selected. 

[0098] A torque detecting device according to a for- 
tieth invention has a construction that said selector 
according to the thirty-ninth invention changes selection 
of said magnetic sensor when the comparison by said 20 
comparator has resulted in a fact that the absolute value 
of the difference in the output of the selected magnetic 
sensors is larger than the absolute value of the differ- 
ence in the output of the non-selected magnetic sensors 
by a predetermined quantity under condition that the 25 
judgement result by said judging unit are such that the 
selected magnetic sensors and the non-selected mag- 
netic sensors are the same. 

[0099] In the present invention, a judgement is per- 
formed such that the output of the selected magnetic 30 
sensor is being shifted from the linearly-changed region 
to the nonlineariy-changed region when the absolute 
value of the difference in the output of the magnetic sen- 
sors for use to calculate the present rotational torque is 
smaller than the absolute value of the difference in the 35 
output of the non-selected magnetic sensor, that is, the 
magnetic sensor which is not used to calculate the 
present rotational torque. Thus, switching of the mag- 
netic sensor which is being selected at present to the 
non-selected magnetic sensor is performed. When the 40 
difference in the output of the non-selected magnetic 
sensor presents in the noniinearly-changed region, 
there is apprehension that the foregoing relationship 
about the magnitude of the absolute value is held. 
Therefore, also the sign of the difference in the output of 45 
the magnetic sensors which are being selected and 
those which are not being selected is detected. The 
foregoing switching is performed only when the signs of 
the differences are the same. 

[0100] A torque detecting device according to a so 
forty-first invention is constructed such that said rotating 
shaft according to the thirty-ninth invention or fortieth 
invention is a member constructed by coaxially connect- 
ing a first shaft and a second shaft to each other through 
a torsion bar; and said targets are disposed adjacent to 55 
connecting portions between said first shaft and said 
second shaft. 

[0101] In the present invention, the targets are par- 



allelly provided on the first shaft and the second shaft 
coaxially connected to each other through the torsion 
bar. Two magnetic sensors are disposed opposite to 
each other on the outside of each target. The great dif- 
ference in the rotational angle generated between the 
two shafts with twisting of the torsion bar is accurately 
detected by selecting the magnetic sensor. A result of 
the detection is used to accurately detect the rotational 
angle which is applied on the first and second shafts. 
[0102] A steering apparatus according to a forty- 
second invention comprises a torque detecting device 
according to any one of the thirty-ninth invention to 
forty -first invention constructed such that a steering 
shaft for connecting a steering wheel and a steering 
mechanism is said rotating shaft. 

[01 03] In the present invention, the torque detecting 
device according to the thirty-ninth invention to forty-first 
invention capable of accurately calculating the torque is 
applied to a steering apparatus for an automobile. An 
accurately detected value of the steering torque which 
is applied on the steering shaft for performing steering is 
detected. A result of the detection is used to perform 
various controls, such as control of the electric motor for 
assisting steering. 

[0104] A torque detecting device according to a 
forty-third invention comprises: two sets of plural targets 
and a magnetic sensor, wherein said plural targets are 
disposed in the circumferential direction of a rotating 
shaft and inclined with respect to an axial direction of 
said rotating shaft by substantially the same angles; and 
said magnetic sensors are disposed opposite to the 
position corresponding to said targets to generate out- 
put changed when each target passes; are disposed 
apart from each other in the axial direction of said rotat- 
ing shaft; and a torque calculating unit for calculating 
the rotational torque applied on said rotating shaft in 
accordance with the difference in the output of the mag- 
netic sensors of two sets; wherein said torque calculat- 
ing unit obtains an average value of said two pairs of 
said magnetic sensors during passing of each of said 
plural targets to set a corrective gain with which each 
output is multiplied so as to make coincide the outputs 
of the two sets of said magnetic sensors with said aver- 
age value. 

[01 05] In the present invention, the hysteresis of the 
outputs of the magnetic sensors opposite to the targets 
disposed apart from one another in the axial direction of 
the rotating shaft is monitored. The average value of the 
outputs of the magnetic sensors in a period in which the 
previous target passes is obtained. The corrective gain 
for making the outputs of the two magnetic sensors to 
coincide with the foregoing average value is previously 
set. In a period in which a next target passes, the out- 
puts of the magnetic sensors are not directly used. As 
an alternative to this, a result obtained by multiplying the 
set corrective gain with the foregoing outputs is used to 
calculate the rotational torque. Thus, change in the out- 
put characteristics of the magnetic sensor caused from 
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an influence of the temperature and an influence owing 
to time is compensated. 

[0106] A torque detecting device according to a 
forty-fourth invention is constructed such that a plurality 
of said two sets of said magnetic sensors are disposed 5 
in the circumferential direction on the outside of said tar- 
get such that the phase of said magnetic sensors are 
shifted. 

[0107] In the present invention, the plural magnetic 
sensors are disposed on the outside of each of the two w 
targets provided for the rotating shaft. An influence of 
the difference in the output characteristics of each mag- 
netic sensor can be eliminated, causing accurate calcu- 
lation of the rotational torque to be performed. 
[0108] A torque detecting device according to a 75 
forty-fifth invention is constructed such that said rotating . 
shaft is a member constructed by coaxially connecting a 
first shaft and a second shaft to each other through a 
torsion bar; and said targets are disposed adjacent to 
connecting portions between said first shaft and said 20 
second shaft. 

[0109] In the present invention, the targets are par- 
allel^ provided for each of the first and second shafts 
coaxially connected to each other through the torsion 
bar. The magnetic sensors are disposed opposite to the 25 
targets. Thus, a great difference in the rotational angle 
generated between the two shafts with the twisting of 
the torsion bar is accurately calculated by setting the 
foregoing corrective gain. A result of the calculation is 
used to accurately detect the rotational angle applied on 30 
the first and second shafts. 

[0110] A steering apparatus according to a forty- 
sixth invention comprises a torque detecting device 
according to any one of the forty-third invention to forty- 
fifth invention constructed such that a steering shaft for 35 
connecting a steering wheel and a. steering mechanism 
is said rotating shaft. 

[0111] In the present invention, above-mentioned 
torque detecting device is applied to a steering appara- 
tus for an automobile. An accurately detected value of 40 
the steering torque applied on the steering shaft for per- 
forming steering is detected. A result of the detection is 
used to perform various controls, such as control of the 
electric motor for assisting steering. 

[0112] A rotational angle detecting device accord- 45 
ing to a forty-seventh invention comprises: a plurality of 
targets made of magnetic material and disposed in the 
circumferential direction of a rotating shaft such that 
said targets are inclined by substantially the same 
angles with respect to the axial direction of said rotating so 
shaft; and magnetic sensor disposed opposite to said 
targets and to generate output changed when each tar- 
get passes; wherein the rotational angle of said rotating 
shaft is detected in accordance with the output gener- 
ated by said magnetic sensors when said magnetic sen- 55 
sor passes; further comprising: a target plate formed 
into an annular disc-like shape having a fitting hole for 
fitting to said rotating shaft at an axis thereof from out- 



side and integrally comprising said targets by a bending 
process. 

[0113] In the present invention, the plural targets 
inclined with respect to the axial direction and provided 
in the circumferential direction are integrally formed with 
the outer periphery of the annular disc-shape plate hav- 
ing a fitting hole for fitting the rotating shaft formed in the 
axis thereof and made of magnetic material by press- 
working performed from the two positions in the direc- 
tion of the thickness of the annular disc-shape plate.- 
The thus-manufactured target plate is, from outside, 
secured to the rotating shaft through the fitting hole. 
Thus, a target realizing excellent accuracy of the shape 
thereof can easily be manufactured: The magnetic sen- 
sor is disposed on the outside of the targets to opposite 
the targets. In accordance with an output of the mag- 
netic sensor, an accurate rotational angle is obtained. 
[0114] A torque detecting device according to a 
forty-eighth invention comprises: two rotational angle 
detecting devices according to the forty -fourth invention 
disposed apart from each other on the rotating shaft in 
the axial direction of said rotating shaft; wherein the 
rotational torque applied on sard rotating shaft is calcu- 
lated in accordance with the difference in the rotational 
angle detected by said rotational angle detecting 
devices. 

[0115] In the present invention, two target plates 
integrally comprising targets realizing excellent accu- 
racy of the shape is fitted to the rotating shaft in the axial 
direction of the rotating shaft. Moreover, the magnetic 
sensor is disposed opposite to each target at a position 
on the outside of the target plate. In accordance with the 
difference in the rotational angles each of which is 
obtained in accordance with the output of the magnetic 
sensor accurate rotational torque is obtained. 
[0116] A. torque detecting device according to a 
forty- ninth invention is constructed such that said rotat- 
ing shaft according to the forty-eighth invention is a 
member constructed by coaxially connecting a first 
shaft and a second shaft to each other through a torsion 
bar; and said targets are fitted from outside adjacent to 
connecting portions between said first shaft and said 
second shaft. 

[01 17] In the present invention, the target plate inte- 
grally comprising the targets realizing excellent accu- 
racy of the shape is fitted to the first shaft and second 
shaft which are coaxially connected to each other 
through the torsion bar. Moreover, the magnetic sensors 
are disposed on the outside of the target plates to be 
opposite to the target plates. Thus, the great difference 
in the rotational angle generated between the first and 
second shafts with twisting of the torsion bar is accu- 
rately detected. The result of the detection is used to 
detect the rotational torque with high accuracy applied 
on the first and second shafts. 

[0118] A steering apparatus according to a fiftieth 
invention comprises: a rotational angle detecting device 
according to the forty-seventh invention constructed 
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such that a steering shaft for connecting a steering 
wheel and a steering mechanism is said rotating shaft; 
and a torque detecting according to the forty-eighth 
invention and/or the forty-ninth invention. 
[0119] In the present invention, the rotational angle 5 
detecting device according to the forty-seventh inven- 
tion capable of detecting the rotational angle with high 
accuracy and the torque detecting device according to 
the forty-eighth invention and/or the forty-ninth invention 
capable of detecting the rotational torque with high w 
accuracy is applied to a steering apparatus of an auto- 
mobile. An accurately detected value of the rotational 
angle (the steering angle) of the steering shaft and that 
of the rotational torque (the steering torque) applied on 
the steering shaft are detected. Results of the detection is 
are used to perform various controls, such as the con- 
trol of the electric motor for assisting steering. 
[0120] A torque detecting device according to a 
fifty -first invention comprises; a plurality of targets made 
of magnetic material and provided on the circumferen- 20 
tial direction of each of first and second shafts coaxially 
connected to each other through a torsion bar; and 
magnetic sensors disposed opposite to said targets on 
the outside of said targets; wherein the rotational torque 
applied on each of said first and second shafts is 25 
detected in accordance with the difference in the out- 
puts generated by said magnetic sensors when each of 
said targets passes; further comprising: target plates fit 
to said first and second shafts from outside, respectively 
and having said targets formed thereon; and a limiting 30 
member disposed between said target plates to limit 
inclination of said target plates in a plane including the 
axis. 

[0121] In the present invention, the limiting member 
is disposed between the target plates fitted to the first 35 
and second shafts and having the targets on the circum- 
ferential surface thereof. Thus, inclination of the target 
plates occurring in a plane including the axis caused 
from deflection and deformation of the torsion bar is lim- 
ited. Thus, change in the position of the targets provided 40 
for the outer surface is prevented. Thus, occurrence of a 
detection error of the rotational torque can be pre- 
vented. 

[0122] A torque detecting device according to a 
fifty-second invention has a construction such that said 45 
limiting member according to the fifty-first invention is 
constructed by an annular member engaged and sup- 
ported by said first or second shafts and having two 
sides brought into contact with said target plates. 
[01 23] In the present invention, the two sides of the so 
annular member fitted to the first and second shafts are 
brought into contact with the target plates fitted to the 
two shafts. The limiting member limits the inclination of 
the target plates. The annular member maintains its atti- 
tude such that the first and second shafts are used as 55 
support members. Thus, limitation of the inclination of 
the target plate can reliably be performed. Change in 
the position of the target can be prevented to detect the 
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rotational torque with high accuracy.. 
[0124] A steering apparatus according to a fifty- 
third invention comprises a torque detecting device 
according to the fifty-first invention or the fifty-second 
invention having said first shaft which is an input shaft 
connected to a steering wheel and a second shaft which 
is an output shaft connected to a steering mechanism. 
[01 25] In the present invention, the torque detecting 
device according to the fifty-first invention or the fifty- 
second invention capable of detecting the rotational 
torque with high accuracy is applied to a steering appa- 
ratus for an automobile. The rotational torque (the steer- 
ing torque) applied on the steering shaft for connecting 
the steering wheel and the steering mechanism is accu- 
rately detected. A result of the detection is used to per- 
form various controls, such as control of the electric 
motor for assisting steering. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0126] 

FIG. 1 is a principle view showing an essential con- 
struction of an embodiment of a rotational angle 
detecting device according to the present invention; 
FIG. 2 is a diagram showing the operation of the 
rotational angle detecting device shown in FIG. 1; 
FIG. 3 is a principle view showing an essential con- 
struction of the embodiment of a torque detecting 
device according to the present invention; 
FIG. 4A f FIG. 4B and FIG. 4C are diagrams show- 
ing the operation of the torque detecting device 
shown in FIG. 3; 

FIG. 5 is a principle view showing the essential con- 
struction of the rotational angle detecting device 
according to the present invention; 
FIG. 6A and FIG. 6B are diagrams showing the 
operation of the rotational angle detecting device 
shown in FIG. 5; 

FIG. 7 is a principle view showing an essential con- 
struction of the embodiment of the torque detecting 
device according to the present invention; 
FIG. 8A, FIG. 8B and FIG. 8C are diagrams show- 
ing the operation of the torque detecting device 
shown in FIG. 7; 

FIG. 9 is a principle view showing an essential con- 
struction of the rotational angle detecting device 
according to the present invention; 
FIG. 10A and FIG. 10B are diagrams showing the 
operation of the rotational angle detecting device 
shown in FIG. 9: 

FIG. 1 1 A and FIG. 1 1B are diagrams showing the 
operation of the rotational angle detecting device 
shown in FIG. 9; 

FIG. 12 is a principle view showing an essential 
construction of an embodiment of the torque 
detecting device according to the present invention; 
FIG. 13 is a principle view showing an essential 
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construction of an embodiment of the rotational 
angle detecting device according to the present 
invention; 

FIG. 14A and FIG. 148 are diagrams showing the 
operation of the rotational angle detecting device 5 
shown in FIG. 13; 

FIG. 15A and FIG. 153 are diagrams showing the 
operation of the rotational angle detecting device 
shown in FIG. 13; 

FIG. 16 is a principle view showing an essential w 
construction of an embodiment of the torque 
detecting device according to the present invention; 
FIG. 17 is a principle view showing an essential 
construction of an embodiment of the rotational 
angle detecting device according to the present is 
invention; 

FIG. 18A, FIG. 188 and FIG. 18C are diagrams 
showing a manufacturing method of the rotational 
angle detecting device shown in FIG. 17; 
FIG. 19 is a principle view showing an essential 20 
construction of an embodiment of the torque 
detecting device according to the present invention; 
FIG. 20 is a principle view showing an essential 
construction of an embodiment of the rotational 
angle detecting device according to the present 25 
invention; 

FIG. 21 is a diagram showing a manufacturing 
method of the rotational angle detecting device 
shown in FIG. 20; 

FIG. 22 is a principle view showing an essential. 30 
construction of an embodiment of the torque 
detecting device according to the present invention; 
FIG. 23 is a principle view showing an essential 
construction of an embodiment of the torque 
detecting device according to the present invention; 35 
FIG. 24 is a vertical cross sectional view showing 
an essential construction of an embodiment of a 
steering apparatus according to the present inven- 
tion; 

FIG. 25 is a principle view showing an essential 40 
construction of an embodiment of the rotational 
angle detecting device according to the present 
invention; 

FIG. 26A, FIG. 263 and FIG. 26C are diagrams 
showing the construction and operation of the rota- 45 
tional angle detecting device shown in FIG. 25; 
FIG. 27A through FIG. 27F are diagrams showing 
the construction and operation of the rotational 
angle detecting device according to the present 
invention; 50 
FIG. 28A, FIG. 288 and FIG. 28C are diagrams 
showing the operation of the torque detecting 
device according to the present invention; 
FIG. 29 is a diagram showing the operation of the 
torque detecting device according to the present 55 
invention; 

FIG. 30 is a principle view showing an essential 
construction of an embodiment of the torque 



detecting device according to the present invention; 

FIG. 31 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 30; 

FIG. 32 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 30; 

FIG. 33 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 30; 

FIG. 34A and FIG. 34B are diagrams shown the 

operation of the torque detecting device shown in 

FIG. 30; 

FIG. 35 is a flow chart showing the operation of the 
torque detecting device according to the present 
invention; 

FIG. 36 is a flow chart showing the operation of the 
torque detecting device according to the present 
invention; 

FIG. 37 is a flow chart showing the operation of the 
torque detecting device according to the present 
invention; 

FIG. 38 is a flow chart showing the operation of the 
torque detecting device according to the present 
invention; 

FIG. 39 is a flow chart showing the operation of the 
torque detecting device according to the present 
invention; 

FIG. 40 is a flow chart showing the operation of the 
torque detecting device according to the present 
invention; 

FIG. 41 A and FIG. 41 B are diagrams showing the 
operation of the torque detecting device according 
to the present invention; 

FIG. 42 is a principle view showing an essential 
construction of an embodiment of the torque 
detecting device according to the present invention; 
FIG. 43 is a vertical cross sectional view showing 
the construction of the steering apparatus accord- 
ing to the present invention; 

FIG. 44 is a principle view showing an essential 
construction of an embodiment of the rotational 
angle detecting device according to the present 
invention; 

FIG. 45 is a diagram showing the operation of the 
rotational angle detecting device shown in FIG. 44; 
FIG. 46 is a diagram showing the operation of the 
rotational angle detecting device shown in FIG. 44; 
FIG. 47 is a flow chart showing the operation of the 
rotational angle detecting device shown in FIG. 44; 
FIG. 48 is a principle view showing an essential 
construction of an embodiment of the torque 
detecting device according to the present invention; 
FIG. 49A, FIG. 49B and FIG. 49C are diagrams 
showing the operation of the torque detecting 
device shown in FIG. 48; 

FIG. 50 is a vertical cross sectional view showing 
an essential construction of an embodiment of the 
steering apparatus according to the present inven- 
tion; 

FIG. 51 is a principle view showing an essential 
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construction of an embodiment of the torque 

detecting device according to the present invention; 

FIG. 52 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 51; 

FIG . 53 is a flow chart showing the operation of the 5 

torque detecting device shown in FIG. 51 ; 

FIG. 54 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 51 ; 

FIG. 55 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 51 ; w 

FIG. 56 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 51 ; 

FIG. 57 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 51; 

FIG. 58 is a flow chart showing the operation of the 15 

torque detecting device shown in FIG. 51; 

FIG. 59 is a flow chart showing the operation of the 

torque detecting device shown in FIG. 51 ; 

FIG. 60A and FIG. 60B are diagrams showing the 

operation of the torque detecting device shown in 20 

FIG. 51; 

FIG. 61 is a diagram showing the torque detecting 
device shown in FIG. 51; 

FIG. 62 is a vertical cross sectional view showing 
the construction of the steering apparatus accord- 25 
ing to the present invention; 

FIG. 63 is a schematic view showing the construc- 
tions of the rotational angle detecting device and 
the torque detecting device applied to a steering 
apparatus for an automobile; 30 
FIG. 64 is a graph showing an example of change in 
the output voltage of an MR sensor; 
FIG. 65 is a graph showing another example of 
change in the output voltage of the MR sensor; 
FIG. 66 is a flow chart showing the contents of a- 35 
calculation for correcting gain and offset; 
FIG. 67 is a diagram showing corrective gain; 
FIG. 68 is a diagram showing an offset amount; 
FIG. 69 is a schematic view showing the construc- 
tion of a torque detecting device according to the 40 
present invention applied to a steering apparatus 
for an automobile; 

FIG. 70 is a graph showing an example of change in 
the output voltage of an MR sensor; 
FIG. 71 is a flow chart showing the contents of the 45 
selecting operation of an MR sensor; 
FIG. 72 is a diagram showing another example of 
change in the output voltage of an MR sensor; 
FIG. 73 is a schematic view showing the construc- 
tion of the torque detecting device according to the so 
present invention applied to the steering apparatus 
for an automobile; 

FIG. 74 is a graph showing an example of change in 
the output voltage of the magnetic sensor of the 
input shaft and the output shaft; 55 
FIG. 75 is a flow chart showing the contents of the 
operation for setting the corrective gain; 
FIG. 76 is a diagram showing the operation for set- 



ting the corrective gain; 

FIG. 77 is a schematic view showing the construc- 
tion of the device according to the present invention 
and applied to the steering apparatus for an auto- 
mobile; 

FIG. 78 is a diagram showing an example of 
change in the output voltage of the magnetic sen- 
sor; 

FIG. 79 is a perspective view showing the shape of 
a target plate; 

FIG. 80A and FIG. 80B are diagrams showing a 
manufacturing method of the target plate; 
FIG. 81 is a schematic view showing the construc- 
tion of the torque detecting device according to the 
present invention applied to the steering apparatus 
for an automobile; 

FIG. 82 is a diagram showing an example of 
change in the output voltage of an MR sensor; 
FIG. 83A, FIG. 83B and FIG. 83C are diagrams 
showing an influence of deflection of the torsion bar 
on the output of the magnetic sensor; and 
FIG. 84 is a vertical cross sectional view showing 
the construction of an essential portion of a steer- 
ing apparatus for an automobile comprising the 
torque detecting device according to the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0127] Embodiments of the present invention will 
now be described with reference to the drawings. 

(First Embodiment) 

[0128] FIG. 1 is a principle view showing an essen- 
tial construction of a first embodiment of a rotational 
angle detecting device according to the present inven- 
tion. The rotational angle detecting device according to 
the first embodiment is applied to a steering apparatus. 
A protrusion 22a made of magnetic material is spirally 
formed on the surface of an intermediate portion of a 
steering shaft 21 having an upper end to which a steer- 
ing wheel 1 is connected and lower end to which a pin- 
ion gear 3 is connected. 

[0129] The rotational angle detecting device 
according to this embodiment comprises an MR sensor 
23 for detecting the position of the protrusion 22a which 
is moved in the axial direction of the steering shaft 21 
when the steering shaft 21 is rotated and which is 
viewed from a position of rotation. The MR sensor 23 is 
disposed in parallel with the steering shalt 21 such that 
the MR sensor 23 is disposed apart from the steering 
shaft 21 for a proper distance. The MR sensor 23 is 
secured to a stationary portion of a body of an automo- 
bile, 

[0130] The MR sensor 23 comprises a potential 
dividing circuit comprising, for example, two magnetic 
resistors. Thus, the divided potential is outputted. To 
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greatly change a magnetic field caused by the protru- 
sion 22a to improve the sensitivity, a biasing magnet is 
provided for a surface which does not faces the steering 
shaft 21. Thus, the magnetic field of the steering shaft 
21 is intensified. 

[0131] The rotational angle detecting device having 
the above-mentioned construction is arranged such that 
the protrusion 22a which is closest to the detecting sur- 
face of the MR sensor 23 is moved in the axial direction 
of the steering shaft 21 when the steering shaft 21 has 
been rotated in a range that 0° < e < 360°. 
[0132] FIG. 2 is a diagram showing the operation of 
the rotational angle detecting device shown in FIG. 1. 
The protrusion 22a is spirally provided on the circumfer- 
ential surface of the steering shaft 21. Therefore, the 
position of the protrusion 22a, which is closest to the 
detecting surface of the MR sensor 23, and the rota- 
tional angle of the steering shaft 21 can be made to cor- 
respond to each other. When the output voltage of the 
MR sensor 23 and the rotational angle of the steering 
shaft 21 are set to have a linear relationship as shown in 
FIG. 2, the rotational angle of the steering shaft 21 can 
be detected in accordance with the output voltage of the 
MR sensor 23. 

(Second Embodiment) 

[0133] FIG. 3 is a principle view showing an essen- 
tial construction of a second embodiment of a torque 
detecting device according to the present invention. The 
torque detecting device is applied to a steering appara- 
tus. A magnetic protrusion 22a is spirally formed on the 
circumferential surface of an intermediate portion of an 
input shaft 21 a of a steering shaft having an upper end 
to which a steering wheel 1 is connected and a lower 
end to which a torsion bar 6 is connected. 
[0134] When the input shaft 21 a has been rotatedr 
an MR sensor 23a is disposed in parallel with the input 
shaft 21a such that a proper distance is maintained to 
detect the position of the magnetic protrusion 22a which 
is moved in the axial direction of the. input shaft 21a. 
when observation is performed from one rotational posi- 
tion. The MR sensor 23a is secured to a stationary por- 
tion of a body of an automobile. 

[0135] An output shaft 21b of the steering shaft has 
an upper end connected to the torsion bar 6 and a lower 
end connected to a pinion gear 3. Similarly to the input 
shaft 21a, a magnetic protrusion 22a is spirally dis- 
posed on the circumferential surface of an intermediate 
portion of the output shaft 21b. 

[0136] An MR sensor 23b for detecting the position 
of the protrusion 22a which is moved in the axial direc- 
tion of the output shaft 21b when observation is per- 
formed from one rotational position is disposed in 
parallel with the output shaft 21b such that a proper dis- 
tance is maintained. The MR sensor 23b is secured to a 
stationary portion of a body of an automobile. 
[0137] Output voltage of the MR sensor 23a is 



inputted to a subtraction circuit 39, while the output volt- 
age of the MR sensor 23b is inputted to the subtraction 
circuit 39 and an amplifier 41. Output voltage of the 
amplifier 41 is outputted as a signal indicating the rota- 

5 tional angle of the steering shaft detected by the rota- 
tional angle detecting device comprising the output 
shaft 21b, the protrusion 22a and the MR sensor 23b. 
[0138] The torsional angle of the torsion bar 6 is at 
most several degrees. A signal indicating the rotational 

w angle of the steering shaft may be outputted by the rota- 
tional angle detecting device comprising the input shaft 
21 a, the protrusion 22a and the MR sensor 23a. 
[01 39] Output voltage of the subtraction circuit 39 is 
inputted to an amplifier 40. Output voltage of the ampli- 

75 fier 40 is outputted as a signal indicating the steering 
torque applied on the steering wheel 1 detected by the 
torque detecting device. 

[0140] When the input shaft 21a and the output 
shaft 21b of the torque detecting device constructed as 
20 described above rotate such that 0° <; m < 360° and 0° 
< v < 360°, the protrusion 22a which is closest to the 
detecting surfaces of the MR sensor 23a and the MR 
sensor 23b is moved to the axial direction of each of the 
input shaft 21a and the output shaft 21b. Since the pro- 
25 trusion 22a is spirally formed on the circumferential sur- 
face of each of the input shaft 21 a and the output shaft 
21b, the position of the protrusion 22a, which is closest 
to the detecting surfaces of the MR sensor 23a and MR 
sensor 23b, in the axial direction of each of the input 
30 shaft 21a and the output shaft 21b, and the rotational 
angle of each of the input shaft 21 a and the output shaft 
21b can be made to correspond to each other. 
[0141] FIG. 4A, FIG. 4B and FIG. 4C are diagrams 
showing the operation of the torque detecting device 
35 shown in FIG. 3. For example, the output voltage of 
each of the MR sensors 23a and 23b and the rotational 
angle of each of the input shaft 21 a and the output shaft 
21b are set to have a similar linear relationship. When 
the input shaft 21a and output shaft 21b are rotated plu- 
40 ral times, the output of each of the MR sensors 23a and 
23b, as shown in FIG. 4A and FIG. 48, shows a voltage 
waveform having a period of 360°. In accordance with 
the output voltage of each of the MR sensors 23a and 
23b, the rotational angle of each of the input shaft 21a 
45 and the output shaft 21b can be detected: 

[0142] When steering torque has been applied on 
the steering wheel 1 and, therefore, the torsion bar 6 
has a torsional angle, the output voltage of each of the 
MR sensors 23a and 23b encounters voltage difference 
so AV corresponding to the torsional angle, for example, as 
shown in FIG. 4C. When the voltage difference AV is 
calculated by the subtraction circuit 39, the torsional 
angle can be obtained. A signal indicating the steering 
torque can be outputted from the amplifier 40. 
55 [01 43] A signal indicating the rotational angle of the 
steering shaft which has been detected by the rotational 
angle detecting device comprising the output shaft 21b, 
the magnetic protrusion 22a and the MR sensor 23b 
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can be outputted from the amplifier 41 . 
(Third Embodiment) 

[0144] FIG. 5 is a principle view showing an essen- 
tial construction of a third embodiment of the rotational 
angle detecting device according to the present inven- 
tion. FIG. 6A and FIG. 6B are diagrams showing the 
operation of the rotational angle detecting device shown 
in FIG. 5. In this embodiment, the rotational angle 
detecting device is applied to a steering apparatus. For 
example, 10 magnetic protrusions. 22b are, at the same 
intervals, spirally formed on the circumferential surface 
of an intermediate portion of a steering shaft 21 having 
an. upper end to which a steering wheel 1 is connected 
and a lower end to which a pinion gear 3 is connected. 
When the circumferential surface of the intermediate 
portion of the steering shaft 21 has been developed, the 
protrusions 22b form a pattern formed into 10 parallel 
diagonal lines, as shown in FIG. 6A. The end point and 
the start point of the adjacent diagonal lines make the 
same rotational angle. 

[0145] The rotational angle detecting device is con- 
structed such that the position of the protrusions 22b 
which is moved in the axial direction of the steering 
shaft 21 when the steering shaft 21 has been rotated in 
a case where observation is performed from one rota- 
tional position is detected. Therefore, an MR sensor 23 
is disposed in parallel with the steering shaft 21 such 
that a proper distance is maintained. The MR sensor 23 
is secured to a stationary portion of a body of an auto- 
mobile. 

[0146] The MR sensor 23 comprises a potential 
dividing circuit comprising, for example, two magnetic 
resistors. Thus, the divided potential is outputted from 
the MR sensor 23. To improve the sensitivity by enlarg- 
ing change in the magnetic field caused by the protru- 
sions 22b, a biasing magnet is provided for the surface 
which does not face the steering shaft 21. Thus, the 
magnetic field of the surface of the steering shaft 21 is 
intensified. 

[01471 The rotational angle detecting device having 
the above-mentioned construction is arranged such that 
whenever the steering shaft 21 rotates by 36° in a range 
that 0° < 6 < 360°. the protrusions 22b which is closest 
to the detecting surface of the MR sensor 23 recipro- 
cates in the axial direction of the steering shaft 21 . 
[0148] The position of the magnetic protrusions 22b 
which is closest to the detecting surface of the MR sen- 
sor 23 in the axial direction of the steering shaft 21 and 
the rotational angle of the steering shaft 21 for each 36° 
can be made to correspond to each other. 
[0149] Therefore, the output voltage of the MR sen- 
sor 23 is set to have a linear relationship with, the rota- 
tional angle of the steering shaft 21 for each 36°, as 
shown in FIG. 6A. When counting of the number of 
change in the output voltage of the MR sensor 23 is. also 
used, the rotational angle of the steering shaft 21 can 



be detected in accordance with the output voltage of the 
MR sensor 23. 

[0150] In the rotational angle detecting device 
according to this embodiment, the MR sensor 23 is able 
s to obtain the output voltage which is ten times the output 
voltage which can be realized when the number of the 
protrusion is one as described in the first embodiment. 

(Fourth Embodiment) 

10 

[0151] FIG. 7 is a principle view showing an essen- 
tial construction of a fourth embodiment of the torque 
detecting device according to the present invention. In 
this embodiment, the torque detecting device is applied 

75 to a steering apparatus. Ten protrusions 22b are, at the 
same intervals, spirally provided on the circumferential 
surface of an intermediate portion of the input shaft 21a 
having an upper end to which a torsion bar 6 is con- 
nected and a lower end to which a torsion bar 6 is con- 

20 nected. To detect the position of the protrusions 22b 
which is moved in the axial direction of the input shaft 
21a when observation is performed from one rotational 
position owing to rotation of the input shaft 21a, an MR 
sensor 23a is disposed in parallel with the input shaft 

25 21a such that a proper distance is maintained. The MR 
sensor 23a is secured to a stationary portion of a body 
of an automobile. 

[0152] An output shaft 21b of the steering shaft is 
disposed such that its upper end is connected to the tor- 

30 sion bar 6. The lower end of the output shaft 21 b is con- 
nected to the pinion gear 3. Similarly to the input shaft 
21 a, 1 0 magnetic protrusions 22b are, at the same inter- 
vals, provided on the circumferential surface of an inter- 
mediate portion of the output shaft 21b. To detect the 

35 position of the protrusions 22b which is moved in the 
axial direction of the output shaft 21b when observation 
is performed from one rotational position, an MR sensor 
23b is disposed in parallel with the output shaft 21b 
such that a proper distance is maintained. The MR sen- 

40 sor 23b is secured to a stationary portion of a body of an 
automobile. 

[0153] Output voltage of the MR sensor 23a is 
inputted to a subtraction circuit 39, while output voltage 
of the MR sensor 23b is inputted to the subtraction cir- 

45 cuit 39 and an amplifier 41 . Output voltage of the ampli- 
fier 41 is outputted as a signal indicating the rotational 
angle of the steering shaft which has been detected by 
the rotational angle detecting device comprising the out- 
put shaft 21b, the magnetic protrusions 22b and the MR 

so sensor 23b. 

[0154] The torsional angle of the torsion bar 6 is at 
most several degrees. A signal indicating the rotational 
angle of the steering shaft may be outputted by the rota- 
tional angle detecting device comprising the input shaft 

55 21a, the magnetic protrusions 22b and the MR sensor 
23a. 

[0155] The output voltage of the subtraction circuit 
39 is inputted to the amplifier 40. The output voltage of 



18 



<EP 1087218A1_I_> 



35 



EP1 087 218 At 



36 



the amplifier 40 is outputted as a signal indicating the 
steering torque applied on the steering wheel 1 
detected by the torque detecting device. 
[0156] The torque detecting device having the 
above-mentioned construction is arranged such that the 5 
protrusions 22b which is closest to the detecting sur- 
faces of the MR sensors 23a and 23b reciprocates in 
the axial direction of the input shaft 21a and the output 
shaft 2lb whenever the input shaft 21 a and the output 
shaft 21b rotate by 36° in a range that 0° < 9 m < 360° w 
and 0° < 6 V < 360°, respectively. The position of the pro- 
trusions 22b which is closest to ..the detecting surfaces 
of the MR sensors 23a and 23b in the axial direction of 
the input shaft 21a and the output shaft 21b and the 
rotational angle of the input shaft 21a and the output is 
shaft 21 b can be made to correspond to each other. 
[0157] Therefore, the output voltage of each of the 
MR sensors 23a and 23b is set to have a linear relation- 
ship with the rotational angle of each of the input shaft 
21a and the output shaft 21b for each 36°. Also counting 20 
of change in the output voltage of each of the MR sen- 
sors 23a and 23b is used. Thus, the rotational angle of 
each of the input shaft 21 a and the output shaft 21 b can 
be detected. 

[0158] For example, the output voltage of each of 25 
the MR sensors 23a and 23b and the rotational angle of 
each of the input shaft 21a and the output shaft 21 b are 
set to have a linear relationship. When the input shaft 
21a and the output shaft 21b are rotated, the output of 
each of the MR sensors 23a and 23b shows a voltage 30 
waveform having a period of 36°, as shown in FIG. 8A 
and FIG. 8B. In accordance with the output voltage of 
each of the MR sensors 23a and 23b, the rotational 
angles of the input shaft 21a and the output shaft 21b. 
can be detected. 35 
[0159] When steering torque has been applied on 
the steering wheel 1 and the torsion bar 6 has made a 
torsional angle, the output voltages of the MR sensors 
23a and 23b generates the voltage difference AV corre- 
sponding to the torsional angle, for example, as shown 40 
in FIG. 8C. Therefore, the voltage difference AV is calcu- 
lated by the subtraction circuit 39. Thus, the torsional 
angle can be obtained. Hence it follows that a signal 
indicating the steering torque can be outputted from the 
amplifier 40. In the foregoing case, the subtraction cir- 45 
cuit 39 comprising the MR sensor 23a, the MR sensor 
23b and the subtraction circuit 39 is able to obtain the • 
output voltage which is ten times the output voltage 
which can be obtained from the second embodiment in 
which one protrusion is provided. 50 
[0160] A signal indicating the rotational angle of the 
steering shaft which has been detected by the rotational 
angle detecting device comprising the output shaft 21b, 
the protrusions 22b and the MR sensor 23b can be out- 
putted from the amplifier 41 . 55 



(Fifth Embodiment) 

[0161] FIG. 9 is a principle view showing an essen- 
tial construction of a fifth embodiment of the rotational 
angle detecting device according to the present inven- 
tion. In this embodiment, the rotational angle detecting 
device is applied to a steering apparatus. A magnetic 
protrusion 22c is spirally formed on the circumferential 
surface of an intermediate portion of a steering shaft 21 
having an upper end to which a steering wheel 1 is con- 
nected and a lower end to which a pinion gear 3 is con- 
nected. 

[0162] The rotational angle detecting device 
according to this embodiment has a construction that 
the position of the protrusion 22c which is moved in the 
axial direction of the steering shaft 21 when the steering 
shaft 21 has been rotated in a state where observation 
is performed from one rotational position is detected. 
Therefore, an MR sensor 23 is disposed in parallel with 
the steering shaft 21 such that a proper distance is 
maintained. The MR sensor 23 is secured to a station- 
ary portion of a body of an automobile. 
[0163] The MR sensor 23 comprises a potential 
dividing circuit comprising, for example, two magnetic 
resistors to output the divided potential. To enlarge 
change in the magnetic field caused by the protrusion 
22c to improve the sensitivity, a biasing magnet is pro- 
vided for the surface which does not face the steering 
shaft 21. Thus, the magnetic field of the surface of the 
steering shaft 21 is intensified. 

[0164] FIG. 10A and FIG. 10B are diagrams show- 
ing the operation of the rotational angle detecting device 
shown in FIG. 9. FIG. 11A and FIG. 11b are diagrams 
showing the operation of the rotational angle detecting 
device shown in FIG. 9. When the pattern of the protru- 
sion 22c in a case where the circumferential surface of 
an intermediate portion of the steering shaft 21 has 
been developed is, as shown in FIG. 10A, formed into a 
straight linear line shape, the output voltage is, as 
shown in FIG. 10B, dropped at the start and end points 
of the protrusion 22c. Thus, there are tendencies that a 
nonlinearly output characteristic is realized. 
[0165] Therefore, the pattern of the protrusion 22c 
in a case where the circumferential surface of an inter- 
mediate portion of the steering shaft 21 has been devel- 
oped is, as shown in FIG. 1 1 A, formed into a nonlinearly 
shape such that the inclination at the start and end 
points is made to be steep and moderate in the interme- 
diate portion. Thus, the output voltage characteristic of 
the MR sensor 23 shows a straight and linear character- 
istic, as shown in FIG. 1 1 B. 

[0166] The rotational angle detecting device con- 
structed as described above is arranged such that when 
the steering shaft 21 is rotated in a range that 0° < 9 < 
360°, the protrusion 22c which is closest to the detect- 
ing surface of the MR sensor 23 is moved in the axial 
direction of the steering shaft 21 . . 
[01 67] The protrusion 22c is spirally provided on the 



19 



108721 8A1 J _> 



37 



EP1 087 218 A1 



38 



circumferential surface of the steering shaft 21 such that 
the inclination of the start and end points are made to be 
steep and moderate in the intermediate portion as 
shown in FIG. 1 1 A. The position of the protrusion 22c, 
which is closest to the detecting surface of the MR sen- 
sor 23, in the axial direction of the steering shaft 21 and 
the rotational angle of the steering shaft 21 can be 
made to correspond to each other. As shown in FIG. 
11B, the output voltage of the MR sensor 23 and the 
rotational angle of the steering shaft 21 are made to 
have the straight and linear relationship. Thus, in 
accordance with the output voltage of the MR sensor 
23, the rotational angle of the steering shaft 21 can be 
detected. 

(Sixth Embodiment) 

[0168] FIG. 12 is a principle view showing an 
essential construction of a sixth embodiment of the 
torque detecting device according to the present inven- 
tion. In this embodiment, the torque detecting device is 
applied to a steering apparatus. A magnetic protrusion 
22c is spirally provided on the circumferential surface of 
an intermediate portion of an input shaft 21 a of a steer- 
ing shaft having an upper end to which a steering wheel 
1 is connected and a lower end to which a torsion bar 6 
is connected. To detect the position of the protrusion 
22c which is moved in the axial direction of the input 
shaft 21 a when observation is performed from one rota- 
tional position, an MR sensor 23a is provided in parallel 
with the input shaft 21a such that a proper distance is 
maintained. The MR sensor 23a is secured to a station- 
ary portion of a body of an automobile. 
[0169] The upper end of the output shaft 21 b of the 
steering shaft is connected to the torsion bar 6. while 
the lower end of the same is connected to a pinion gear 
3. Similarly to the input shaft 21 a, a magnetic protrusion 
22c is spirally provided on the circumferential surface of 
an intermediate portion of the output shaft 21b. To 
detect the position of the protrusion 22c which is moved 
in the axial direction of the output shaft 21b when obser- 
vation is performed from one rotational position, an MR 
sensor 23b is provided in parallel with the output shaft 
21b such that a proper distance is maintained. The MR 
sensor 23b is secured to a stationary portion of a body 
of an automobile. 

[0170] The protrusion 22c is spirally provided on the 
circumferential surfaces of the input shaft 2la and the 
output shaft 21b such that the inclination of the protru- 
sion 22c is made to be steep at the start and end points 
and moderate the intermediate portion, as shown in 
FIG. 11 A. 

[0171] The output voltage of the MR sensor 23a is 
inputted to a subtraction circuit 39, while output voltage 
of the MR sensor 23b is inputted to the subtraction cir- 
cuit 39 and an amplifier 41. The output voltage of the 
amplifier 41 is outputted as a signal indicating the rota- 
tional angle of the steering shaft which has been 



detected by the rotational angle detecting device com- 
prising the output shaft 21b, the protrusion 22c and the 
MR sensor 23b. 

[0172] The torsional angle of the torsion bar 6 is at 
5 most several degrees. Thus, the rotational angle detect- 
ing device comprising the input shaft 21a, the protrusion 
22c and the MR sensor 23a may output a signal indicat- 
ing the rotational angle of the steering shaft. 
[01 73] Output voltage of the subtraction circuit 39 is 
w inputted to the amplifier 40. The output voltage of the 
amplifier 40 is outputted as a signal indicating the steer- 
ing torque applied on the steering wheel 1 detected by 
the torque detecting device. 

[0174] When the input shaft 21a and the output 
15 ' shaft 21 b of the torque detecting device constructed as 
described above rotate such that 0° < e m < 360° and 0° 
< 9 V < 360°, the protrusions 22c which are closest to the 
detecting surfaces of the MR sensor 23a and the MR 
sensor 23b is moved to the axial direction of each of the 
20 input shaft 21a and the output shaft 21b. The protru- 
sions 22c are spirally formed on the circumferential sur- 
face of each of the input shaft 21 a and the output shaft 
21b such that the inclination of the protrusions 22c are 
made to be steep at the start and end points and mod- 
25 e rate in the intermediate portion, as shown in FIG. 1 1 A. 
Therefore, the position of the protrusions 22c which are 
closest to the detecting surfaces of the MR sensors 23a 
and 23b in the axial direction of each of the input shaft 
21a and the output shaft 21b and the rotational angle of 
30 each of the input shaft 21a and the output shaft 21b can 
be made to correspond to each other. 
[01 75] As shown in FIG. 1 1 B, the straight and linear 
line relationship is held between the output voltages of 
the MR sensors 23a and 23b and the rotational angles 
35 of the input shaft 21a and the output shaft 21b. In 
accordance with the output voltages of the MR sensors 
23a and 23b, the rotational angles of the input shaft 21 a 
and the output shaft 21b can be detected. Since the 
other operations are similar to those of the torque 
*o detecting device according to the second embodiment, 
the similar operations are omitted from description. 

(Seventh Embodiment) 

45 [0176] FIG. 13 is a principle view showing an 
essential construction of a seventh embodiment of the 
rotational angle detecting device according to the 
present invention. In this embodiment, the rotational 
angle detecting device is applied to a steering appara- 

so tus. A magnetic protrusion 22d is spirally provided on 
the circumferential surface of an intermediate portion of 
a steering shaft 21 having an upper end to which a 
steering wheel 1 is connected and a lower end to which 
a pinion gear 3 is connected. 

55 [01 77] To detect the position of the protrusions 22d 
which is moved in the axial direction of the steering 
shaft 21 when observation is performed from one rota- 
tional position owing to rotation of the steering shaft 21, 
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an MR sensor 23 is disposed in parallel with the steer* 
ing shaft 21 such that a proper distance is maintained. 
The MR sensor 23 is secured to a stationary portion of 
a body of an automobile. 

[0178] The MR sensor 23 comprises a potential 5 
dividing circuit comprising, for example, two magnetic 
resistors to output the divided potential. To enlarge 
change in the magnetic field caused by the protrusion 
22d to improve the sensitivity, a biasing magnet is dis- 
posed on the side which does not face the steering shaft w 
21. Thus, the magnetic field of the surface of the steer- 
ing shaft 21 is intensified. 

[0179] FIG. 14A and FIG. 14B are diagrams show- 
ing the operation of the rotational angle detecting device 
shown in FIG. 13. FIG. 15A and FIG. 15B are diagrams 15 
showing the operation of the rotational angle detecting 
device shown in FIG. 1 3. When the pattern of the protru- 
sion 22d in a case where the circumferential surface of 
an -intermediate portion of the steering shaft 21 has 
been developed is, as shown in FIG. 14A, formed into a 20 
straight linear line shape, the output voltage of the MR 
sensor 23 is, as shown in FIG. 14B, dropped at the start 
and end points of the protrusion 22d. Thus, there are 
tendencies that a nonlinearly output characteristic is 
realized. 25 
[0180] Therefore, in a case where the circumferen- 
tial surface of the intermediate portion of the steering 
shaft 21 is developed, the pattern of the protrusion 22d 
is formed such that the start portion (0°) and the end 
portion (360°) are connected to each other, as shown in . 30 
FIG. 15A. Thus, the output voltage characteristic of the 
MR sensor 23 is made to be a straight and linear line 
characteristic, as shown in FIG. 15B 
[0181] The rotational angle detecting device having 
the above-mentioned construction is arranged such that 35 
when the steering shaft 21 is rotated in a range that 0° 
< 8 < 360°, the protrusion 22d which is closest to the 
detecting surface of the MR sensor 23 is moved in the 
Axial direction of the steering shaft 21 . 
[0182] The protrusion 22d is spirally formed on the 40 
circumferential surface of the steering shaft 21 such that 
the start and end portions are connected to each other 
as shown in FIG. 15. Therefore, the position of the pro- 
trusion 22d which is closest to the detecting surface the 
detecting surface of the MR sensor 23 in the axial direc- 45 
tion of the steering shaft 21 and the rotational angle of 
the steering shaft 21 can be made to correspond to 
each other Therefore, the output voltage of the MR sen- 
sor 23 and the rotational angle of the steering shaft 21 
are made to have the linear relationship as shown in so 
FIG. 15B. Therefore, the rotational angle of the steering 
shaft 21 can be detected in accordance with the output 
voltage of the MR sensor 23. 



(Eighth Embodiment) 

[0183] FIG. 16 is a principle view showing the 
essential construction of an eighth embodiment of a 
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torque detecting device according to the present inven- 
tion. In this embodiment, the torque detecting device is 
applied to a steering apparatus. A magnetic protrusion 
22d is spirally formed on the circumferential surface of 
an intermediate portion of an input shaft 21a of a steer- 
ing shaft having an upper end to which a steering wheel 
1 is connected and a lower end to which the torsion bar 
6 is connected. To detect the position of the protrusions 
22d which is moved in the axial direction of the input 
shaft 21a when observation is performed from one rota- 
tional position owing to rotation of the input shaft 21a, 
an MR sensor 23a is disposed in parallel with the input 
shaft 21a such that a proper distance is maintained. The 
MR sensor 23a is secured to a stationary portion of a 
body of an automobile. 

[0184] An output shaft 21b has an upper end con- 
nected to the torsion bar 6 and a lower end connected 
to a pinion gear 3. Similarly to the input shaft 21 a, a 
magnetic protrusion 22d is spirally formed on the cir- 
cumferential surface of an intermediate portion of the 
output shaft 21 b. To detect the position of the protru- 
sions 22d which is moved in the axial direction of the 
output shaft 21b when observation is performed from 
one rotational position owing to rotation of the output 
shaft 21b, an MR sensor 23b is disposed in parallel with 
the output shaft 21 b such that a proper distance is main- 
tained. The MR sensor 23b is secured to a stationary 
portion of a body of an automobile. 
[0185] The protrusion 22d is spirally formed on the 
circumferential surfaces of the input shaft 21a and the 
output shaft 21b such that the start portion (0°) and the 
end portion (360°) are connected to each other, as 
shown in FIG. 15A. 

[0186] Output voltage of the 23a is inputted to a 
subtraction circuit 39, while output voltage of the MR 
sensor 23b is inputted to the subtraction circuit 39 and 
an amplifier 41 . Output voltage of the amplifier 41 is out- 
putted as a signal indicating the rotational angle of the 
steering shaft detected by the rotational angle detecting 
device comprising the output shaft 21b, the protrusion 
22d and the MR sensor 23b. 

[0187] The torsional angle of the torsion bar 6 is at 
most several degrees. The rotational angle detecting 
device comprising the input shaft 21a, the protrusion 
22d and the MR sensor 23a may output a signal indicat- 
ing the rotational angle of the steering shaft. 
[0188] Output voltage of a subtraction circuit 39 is 
inputted to the amplifier 40. Output voltage of the ampli- 
fier 40 is outputted as a signal detected by the torque 
detecting device and indicating the steering torque 
applied on the steering wheel 1 . 
[0189] The torque detecting device having the 
above-mentioned construction is arranged such that the 
protrusions 22d which is closest to the detecting sur- 
faces of the MR sensors 23a and 23b is moved in the 
axial direction of each of the input shaft 21 a and the out- 
put shaft 21b when the input shaft 21a and the output 
shaft 21 b are rotated in ranges that 0° < 6 m < 360° and 
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0° < 9 V < 360°, respectively. The protrusion 22d is spi- 
rally formed on the circumferential surfaces of the input 
shaft 21a and the output shaft 21b such that the start 
portion (0°) and the end portion (360°) are connected to 
each other, as shown in FIG. 15A. Therefore, the posi- 5 
tion of the protrusions 22d which is closest to the detect- 
ing surfaces of the MR sensors 23a and 23b in the axial 
direction of the input shaft 21 a and the output shaft 21b 
and the rotational angles of the input shaft 21a and the 
output shaft 21b can be made to correspond to each w 
other. 

[0190] As shown in FIG. 15B, the output voltages of 
the MR sensors 23a and 23b and the rotational angles 
of the input shaft 21 a and the output shaft 21 b are made 
to have the straight and linear relationship. In accord- is 
ance with the output voltages of the MR sensors 23a 
and 23b, the rotational angles of the input shaft 21 a and 
the output shaft 21b can be detected. Since the other 
operations are similar to those of the torque detecting 
device according to the second embodiment, the similar 20 
operations are omitted from description. 

(Ninth Embodiment) 

[0191] FIG. 17 is a principle view showing the 25 
essential construction of a ninth embodiment of a rota- 
tional angle detecting device according to the present 
invention. FIG. 18A, FIG. 18B and FIG. 18C are dia- 
grams showing a method of manufacturing the rota- 
tional angle detecting device shown in FIG. 17. In this 30 
embodiment, the rotational angle detecting device is 
applied to a steering apparatus. A magnetic protrusion 
22e is spirally formed on the circumferential surface of 
an intermediate portion of a steering shaft 21 having an 
upper end to which a steering wheel 1 is connected and 35 
a lower end to which a pinion gear 3 is connected. 
[0192] To detect the position of the protrusions 22e 
which is moved in the axial direction of the steering 
shaft 21 when observation is performed from one rota- 
tional position owing to rotation of the input shaft 21a, 40 
an MR sensor 23 is disposed in parallel with the steer- 
ing shaft 21 such that a proper distance is maintained. 
The MR sensor 23 is secured to a stationary portion of 
a body of an automobile. 

[0193] The MR sensor 23 comprises a potential 45 
dividing circuit comprising, for example, two magnetic 
resistors so as to output the divided potential. To 
enlarge change in the magnetic field caused by the pro- 
trusion 22e to improve the sensitivity; a biasing magnet 
is disposed on the side which does not face the steering so 
shaft 21 . Thus, the magnetic field of the surface of the 
steering shaft 21 is intensified. 

[0194] A coil-shape magnetic material (the protru- 
sion 22e) constructed as shown in FIG. 18B is spirally 
wound around the circumferential surface of an interme- 55 
diate portion of the steering shaft 21 constructed as 
shown in FIG. 18A so as to be welded or bonded as 
shown in FIG. 18C. 



[0195] The rotational angle detecting device having 
the above-mentioned construction is arranged such that 
when the steering shaft 21 is rotated in a range that 0° 
< 6 < 360°, the protrusion 22e which is closest to the 
detecting surface of the MR sensor 23 is moved in the 
axial direction of the steering shaft 21 . 
[0196] Since the protrusion 22e is spirally formed 
on the circumferential surface of the steering shaft 21, 
the position of the protrusion 22e which is closest to the 
detecting surface of the MR sensor 23 in the axial direc- 
tion of the steering shaft 21 and the rotational angle of 
the steering shaft 21 can be made to correspond to 
each other. In accordance with the output voltage of the 
MR sensor 23, the rotational angle of the steering shaft 
21 can be detected. 

(Tenth Embodiment) 

[0197] FIG. 19 is a principle view showing an 
essential construction of a tenth embodiment of the 
torque detecting device according to the present inven- 
tion. In this embodiment, the torque detecting device is 
applied to a steering apparatus. A magnetic protrusion 
22e is spirally formed on the circumferential surface of 
an intermediate portion of an input shaft 21a of a steer- 
ing shaft having an upper end to which a steering wheel 
1 is connected and a lower end to which a torsion bar 6 
is connected. To detect the position of the protrusions 
22e which is moved in the axial direction of the input 
shaft 21 a when observation is performed from one rota- 
tional position owing to rotation of the output shaft 21 b, 
an MR sensor 23a is disposed in parallel with the input 
shaft 21a MR sensor 23a such that a proper distance is 
maintained. The MR sensor 23a is secured to a station- 
ary portion of a body of an automobile. 
[0198] An output shaft 21b of the steering shaft has 
an upper end connected to the torsion bar 6 and a lower 
end connected to a pinion gear 3. Similarly to the input 
shaft 21a, a protrusion 22e made of magnetic material 
is formed on the circumferential surface of an intermedi- 
ate portion of the output shaft 21 b. To detect the position 
of the protrusion 22e, which is moved in the axial direc- 
tion of the output shaft 21 b in a state where observation 
is performed from one rotational position when the out- 
put shaft 21b has been rotated, an MR sensor 23b is 
formed in parallel with the output shaft 21b such that a 
proper distance is maintained. The MR sensor 23b is 
secured to a stationary portion of a body of an automo- 
bile. 

[0199] A coil-shape magnetic member (the protru- 
sion 22e) constructed as shown in FIG. 18B is spirally 
wound around the circumferential surfaces of intermedi- 
ate portions of the input shaft 21a and the output shaft 
21b so as to be welded or bonded as shown in FIG. 
18C. 

[0200] The output voltage of the MR sensor 23a is 
inputted to a subtraction circuit 39, while the output volt- 
age of the MR sensor 23b is inputted to th subtraction 
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circuit 39 and an amplifier 41. Output voltage of the 
amplifier 41 is outputted as a signal indicating the rota- 
tional angle of the steering shaft detected by the rota- 
tional angle detecting device comprising the output 
shaft 21b, the protrusion 22e and the MR sensor 23b. 5 
[0201] The torsional angle of the torsion bar 6 is at 
most several degrees. The rotational angle detecting 
device comprising the input shaft 21 a, the protrusion 
22e and the MR sensor 23a may output a signal indicat- 
ing the rotational angle of the steering shaft. io 
[0202] Output voltage of the subtraction circuit 39 is 
inputted to the amplifier 40. Output voltage of the ampli- 
fier 40 is outputted as a signal detected by the torque 
detecting device and indicating the steering torque 
applied on the steering wheel 1 . 75 
[0203] Since the operation of the torque detecting 
device constructed as described above is similar to that 
of the torque detecting device according to the second 
embodiment, the operation is omitted from description. 

20 

(Eleventh Embodiment) 

[0204] FIG. 20 is a principle view showing an 
essential construction of an eleventh embodiment of the 
rotational angle detecting device according to the 25 
present invention. In this embodiment, the rotational 
angle . detecting device is applied to a steering appara- 
tus. A groove 22f is spirally formed on the circumferen- 
tial surface of an intermediate portion of a steering shaft 
21 having an upper end to which a steering wheel 1 is 30 
connected and a lower end to which the pinion gear 3 is 
connected and made of magnetic material. 
[0205] To detect, as a portion which is magnetically 
discontinuous, the position of the groove 22f which is 
moved in the axial direction of the steering shaft 21 35 
when observation is performed from one rotational posi- 
tion owing to rotation of the steering shaft 21 an MR 
sensor 23 is disposed in parallel with the steering shaft 
21 such that a proper distance is maintained. The MR 
sensor 23 is secured to a stationary portion of a body of 40 
an automobile. 

[0206] The MR sensor 23 comprises a potential 
dividing circuit comprising, for example, two magnetic 
resistors so as to output the divided, potential. To 
enlarge change in the magnetic field caused by the 45 
groove 22f to improve the sensitivity, a biasing magnet 
is provided for the side which does not face the steering 
shaft 21. Thus, the magnetic field of the surface of the 
steering shaft 21 is intensified. 

[0207] FIG. 21 is a diagram showing a method of so 
manufacturing the rotational angle detecting device 
shown in FIG. 20. The steering shaft 21 is provided with 
the groove 22f in the circumferential surface of the inter- 
mediate portion thereof. The groove 22f is formed by 
spirally irradiating the circumferential surface of the 55 
intermediate portion with a beam 70, such as a laser 
beam or an electron beam, realizing a high energy den- 
sity. 



[0208] The rotational angle detecting device having 
the above-mentioned construction is arranged such that 
when the steering shaft 21 is rotated in a range that 0° 
< 6 < 360°, the groove 22f which is closest to the detect- 
ing surface of the MR sensor 23 is moved in the axial 
direction of the steering shaft 21 . 
[0209] The groove 22f is spirally formed on the cir- 
cumferential surface of the steering shaft 21 . Therefore, 
the position of the groove 22f which is closest to the 
detecting surface of the M R sensor 23 in the axial direc- 
tion of the steering shaft 21 and the rotational angle of 
the steering shaft 21 can be made to correspond to 
each other. In accordance with the output voltage of the 
MR sensor 23, the rotational angle of the steering shaft 
21 can be detected. 

(Twelfth Embodiment) 

[0210] FIG. 22 is a principle view showing an 
essential construction of a twelfth embodiment of the 
torque detecting device according to the present inven- 
tion. In this embodiment, the torque detecting device is 
applied to the steering apparatus. A groove 22f is spi- 
rally formed on the circumferential surface of an inter- 
mediate portion of the magnetic input shaft 21 a having 
an upper end to which a steering wheel 1 is connected 
and a lower end to which a torsion bar 6 is connected. 
To detect the position of the groove 22f which is moved 
in the axial direction of the input shaft 21a when the 
input shaft 21a has been rotated in a case where obser- 
vation is performed from one rotational position, an MR 
sensor 23a is provided in parallel with the input shaft 
21a such that a proper distance is maintained. The MR 
sensor 23a is secured to a stationary portion of a body 
of an automobile. 

[0211] A magnetic output shaft 21b of the steering 
shaft has an upper end connected to the torsion bar 6 
and a lower end connected to a pinion gear 3. Similarly 
to the input shaft 21a, a groove 22f is spirally formed on 
the circumferential surface of an intermediate portion of 
the output shaft 21 b. To detect the position of the groove 
22f which is moved in the axial direction of the output 
shaft 21b when the output shaft 21b has been rotated in 
a state where observation is performed from one rota- 
tional position, an MR sensor 23b is disposed in parallel 
with the output shaft 21 b such that a proper distance is 
maintained. The MR sensor 23b is secured to a station- 
ary portion of a body of an automobile. 
[0212] Each of the input shaft 21a and the output 
shaft 21 b is provided with the groove 22f formed spirally 
in the circumferential surface of the intermediate portion 
by irradiating the beam 70, such as a laser beam or an 
electron beam, realizing a high energy density, as 
shown in FIG. 21. 

[0213] Output voltage of the MR sensor 23a is 
inputted to a subtraction circuit 39, while output voltage 
of the MR sensor 23b is inputted to the subtraction cir- 
cuit 39 and an amplifier 41 . Output voltage of the ampli- 
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fier 41 is outputted as a signal detected by the rotational 
angle detecting device comprising the output shaft 21b, 
the groove 22f and the MR sensor 23b and indicating 
the rotational angle of the steering shaft. 
[0214] The torsional angle of the torsion bar 6 is at 
most several degrees. The rotational angle detecting 
device comprising the input shaft 21a, the groove 22f 
and the MR sensor 23a may output a signal indicating 
the rotational angle of the steering shaft. 
[021 5] Output voltage of the subtraction circuit 39 is 
inputted to the amplifier 40. Output voltage of the ampli- 
fier 40 is outputted as a signal indicating the steering 
torque detected by the torque detecting device and 
indicting the steering torque applied on the steering 
wheel 1. 

[0216] The operation of the torque detecting device 
having the above-mentioned construction is similar to 
that of the torque detecting device according to the sec- 
ond embodiment. Therefore, the operation is omitted 
from description. 

[021 7] As an alternative to the groove 22f, the steer- 
ing shaft 21 or the input shaft 21a and the output shaft 
21b may be made of metastable austenite stainless 
steel, which is a non-magnetic materia!. Moreover, the 
surface is irradiated with the beam, such as an electron 
beam or a laser beam, realizing a high energy directly. 
Then, the surface is rapidly cooled to deposit the ferrite 
phase which is a ferromagnetic portion so that a portion 
which is magnetically discontinuous is formed. 

(Thirteenth Embodiment) 

[0218] FIG. 23 is a principle view showing an 
essential construction of a thirteenth embodiment of the 
torque detecting device according to the present inven- 
tion. In this embodiment, the torque detecting device is 
applied to a steering apparatus. A magnetic protrusion 
22a is spirally formed on the circumferential surface of 
an intermediate portion of an input shaft 21 a of a steer- 
ing shaft having an upper end to which a steering wheel 
1 is connected and a lower end to which a torsion bar 6 
is connected. To detect the position of the protrusions 
22a which is moved in the axial direction of the input 
shaft 21 a when observation is performed from one rota- 
tional position owing to rotation of the input shaft 21 a, 
an MR sensor 23a is disposed in parallel with the input 
shaft 21 a such that a proper distance is maintained. The 
MR sensor 23a is secured to a stationary portion of a 
body of an automobile. 

[021 9] The upper end of the output shaft 21 b of the 
steering shaft is connected to the torsion bar 6, while 
the lower end of the same is connected to a pinion gear 
3. Similarly to the input shaft 21a, a magnetic protrusion 
22a is spirally formed on the circumferential surface of 
an intermediate portion of the output shaft 21b. To 
detect the position of the protrusions 22a which is 
moved in the axial direction of the output shaft 21b 
when observation is performed from one rotational posi- 



tion owing to rotation of the output shaft 21b, an MR 
sensor 23b is disposed in parallel with the output shaft 
21b such that a proper distance is maintained. The MR 
sensor 23b is secured to a stationary portion of a body 

5 of an automobile. 

[0220] Output voltage of the MR sensor 23a is 
inputted to subtraction circuits 39a and 39b. Output volt- 
age of the MR sensor 23b is inputted to the subtraction 
circuits 39a and 39b. 

w [0221 ] The subtraction circuit 39a calculates the dif- 
ference by subtracting the output voltage of the MR sen- 
sor 23a from the output voltage of the MR sensor 23b to 
- input the voltage of the calculated difference to the 
amplifier 40a. The amplifier 40a amplifies the inputted 

15 voltage to input a result to a subtraction circuit 39c. 

[0222] The subtraction circuit 39b calculates the dif- 
ference by subtracting the output voltage of the MR sen- 
sor 23a from the output voltage of the MR sensor 23b to 
input the voltage of the calculated difference to the 

20 amplifier 40b. The amplifier 40b amplifies the inputted 
voltage to input the amplified voltage to the subtraction 
circuit 39c. 

[0223] The subtraction circuit 39c subtracts the out- 
put voltage of the amplifier 40b from the output voltage 

25 of the amplifier 40a so as to input the subtracted output 
voltage to an amplifier 40c. The amplifier 40c amplifies 
the inputted voltage to output a result as a signal indi- 
cating the steering torque applied on the steering wheel 
1 detected by the torque detecting device. 

30 [0224] The torque detecting device constructed as 
described above is arranged such that when the input 
shaft 21a and the output shaft 21b are rotated in ranges 
that 0° < 6 m < 360° and 0° < % < 360°, the protrusion 
22a which is closest to the detecting surfaces of the MR 

35 sensors 23a and 23b is moved in the axial direction of 
each of the input shaft 21 a and the output shaft 21b. 
The protrusion 22a is spirally formed on the circumfer- 
ential surface of each of the input shaft 21 a and the out- 
put shaft 21b. Therefore, the position of the protrusion 

40 22a which is closest to the detecting surfaces of the MR 
sensors 23a and 23b in the axial direction of the input 
shaft 21a and the output shaft 21b and the rotational 
angles of the input shaft 21a and the output shaft 21b 
can be made to correspond to each other. 

45 [0225] When steering torque has been applied on 
the steering wheel 1 and, therefore, a torsional angle of 
the torsion bar 6 has been made, the output voltages of 
the MR sensors 23a and 23b generate the voltage dif- 
ference AV corresponding to the torsional angle. The 

so subtraction circuits 39a and 39b calculate the voltage 
difference AV and - AV. The subtraction circuit 39c cal- 
culate the difference 2AV between the voltage differ- 
ence AV and - AV calculated by the subtraction circuits 
39a and 39b, respectively. The amplifier 40c amplifies 

55 the voltage difference 2AV to output a result as a signal 
indicating the torque. 

[0226] A signal indicating the rotational angle of the 
steering shaft detected by the rotational angle detecting 
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device comprising the output shaft 21b, the protrusion 
22a and the MR sensor 23b may be outputted from the 
amplifier 41 . The other operations are similar to those of 
the torque detecting device according to the second 
embodiment. Therefore, the similar operations are omit- 5 
ted from description. 

(Fourteenth Embodiment) 

[0227] FIG. 24 is a vertical cross sectional view w 
showing an essential construction of a fourteenth 
embodiment of a steering apparatus according to the 
present invention. The steering apparatus according to 
this embodiment comprises an upper shaft 2 which is 
attached to the upper end thereof and to which a steer- is 
ing wheel 1 is attached. A cylindrical input shaft 5 and 
an upper end of a torsion bar 6, which is inserted into 
the input shaft 5, are, through a first dowel pin 4, con- 
nected to the lower end of the upper shaft 2. A cylindri- 
cal output shaft 8 is, through a second dowel pin 7, 20 
connected to a lower end of the connecting shaft 6. The 
upper shaft 2, the input shaft 5 and the output shaft 8 
are rotatively supported in a housing 12 through bear- 
ings 9a, 9b and 9c. 

[0228] The housing 12 includes a torque detecting 25 
device 13 for detecting the steering torque in accord- 
ance with an amount of relative displacement of the 
input shaft 5 and the output shaft 8 connected to each 
other through the connecting shaft 6. Moreover, the 
housing 12 includes a reduction mechanism 15 for 30 
reducing the rotation of the electric motor 14 for assist- 
ing steering which is rotated in accordance with a detec- 
tion result performed by the torque detecting device 13 
so as to transmit the reduced rotation to the output shaft 
8. The operation of the steering mechanism corre- 35 
sponding to the rotation of the steering wheel 1 is 
assisted by using the rotation of the electric motor 14. 
Thus, the labor which must be borne by a driver who 
performs steering can be reduced. The lower end of the 
output shaft 8 is connected to a rack and pinion type 40 
steering mechanism through a universal joint. 
[0229] The torque detecting device 13 comprises a 
magnetic protrusion 13c formed spirally on the circum- 
ferential surface 13a of the input shaft 5. To detect the 
position of the magnetic protrusion 13c which is moved 45 
in the axial direction of the input shaft 5 when the input 
shaft 5 has been rotated in a state where observation is 
performed from one rotational position, an MR sensor 
13e is disposed in parallel with the input shaft 5 such 
that a proper distance is maintained. The MR sensor so 
13e is secured to a stationary portion of a body of an 
automobile. 

[0230] Similarly to the input shaft 5, the output shaft 
8 has a magnetic protrusion 13d formed spirally on the 
circumferential surface 13b of the output shaft 8. To 55 
detect the position of the protrusion 13d which is moved 
in the axial direction of the output shaft 8 when the out- 
put shaft 8 has been rotated in a state where observa- 



tion is performed from one rotational position, an MR 
sensor 1 3f is disposed in parallel with the output shaft 8 
such that a proper distance is maintained. The MR sen- 
sor 1 3f is secured to a stationary portion of a body of an 
automobile. 

[0231 ] The operation of the steering apparatus con- 
structed as described above will now be described. 
[0232] When the input shaft 5 and the output shaft 
8 are rotated without any twisting of the connecting 
shaft 6, the input shaft 5, the output shaft 8 and the con- 
necting shaft 6 are integrally rotated. 
[0233] When the input shaft 5 and the output shaft 
8 have been rotated, the protrusions 1 3c and 1 3d which 
are closest to the detecting surfaces of the MR sensors 
1 3e and 1 3f are moved in the axial direction of the input 
shaft 5 and the output shaft 8, respectively. The protru- 
sions 13c and 13d are spirally formed on the circumfer- 
ential surfaces 1 3a and 1 3b of the input shaft 5 and the 
output shaft 8. The positions of the magnetic protru- 
sions 13c and 13d, which are closest to the detecting 
surfaces of the MR sensors 13e and 1 3f, in the axial 
direction of the input shaft 5 and the output shaft 8 and 
the rotational angles of the input shaft 5 and the output 
shaft 8 can be made to correspond to each other. 
[0234] For example, the output voltages, of the MR 
sensors 13e and 13f and the rotational angles of the 
input shaft 5 and the output shaft 8 are set to have a 
similar linear relationship. When the input shaft 5 and 
the output shaft 8 have been rotated plural times, the 
outputs of the MR sensors 13e and 13f show the volt- 
age waveform having a period of 360° as shown in FIG. 
4A and FIG. 4B. In accordance with the output voltages 
of the MR sensors 13e and 13f, the rotational angles of 
the input shaft 5 and the output shaft 8 can be detected. 
[0235] When the steering torque has been applied 
on the steering wheel 1 and the input shaft 5 and the 
output shaft 8 have been rotated such that the torsion 
bar 6 is twisted, the output voltages of the MR sensors 
13e and 13f generate the difference in the voltage cor- 
responding to the torsional angle as shown in FIG. 4C. 
The output voltages of the MR sensors 1 3e and 1 3f are 
inputted to a subtraction circuit (not shown) through cor- 
responding output cables. The subtraction circuit calcu- 
lates the difference in the voltage so as to obtain the 
torsional angle so that a signal corresponding to the 
steering torque is outputted. 

[0236] The MR sensor 1 3f is able to output through 
the output cable a signal indicating the rotational angle 
of the steering wheel 1 detected by the rotational angle 
detecting device comprising the output shaft 8, the mag- 
netic protrusion 13d and the MR sensor 13f. 
[0237] The signal corresponding to the steering 
torque and the signal indicating the rotational angle of 
the steering wheel 1 are supplied to a control unit (not 
shown). The control unit controls the rotation of the 
electric motor 14 in response to each of the supplied 
signals. 
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(Fifteenth Embodiment) 

[0238] FIG. 25 is a principle view showing an 
essential construction of a fifteenth embodiment of the 
rotational angle detecting device according to the 
present invention. In this embodiment, the rotational 
angle detecting device is applied to a brushless DC 
motor. A displacement plate 62 formed into a disc shape 
which is a rotor having a rotating shaft which is a rotor 
shaft 61 of the brushless DC motor 60. 
[0239] FIG. 26A, FIG. 26B and FIG. 26C are dia- 
grams showing the construction and the operation of 
the rotational angle detecting device shown in FIG. 25. 
As shown in FIG. 26A, the displacement plate 62 com- 
prises a magnetic protrusion 64 formed spirally on the 
circumferential surface of the displacement plate 62. To 
detect the position of the protrusion 64 which is moved 
in the axial direction of the rotor shaft 61 when the rotor 
shaft 61 and the displacement plate 62 of the brushless 
DC motor 60 have been rotated, an MR sensor 63 is dis- 
posed in parallel with the surface of the displacement 
plate 62 such that a proper distance is maintained. The 
MR sensor 63 is secured to a housing (not shown) 
which is a stationary member. 

[0240] The brushless DC motor 60 comprises a 
driver circuit for detecting the position of the rotating 
rotor as a substitute for the commutator. In response to 
the detection signal, the driver circuit controls an elec- 
tronic circuit to generate a rotational magnetic field. 
[0241] A steering apparatus comprising the brush- 
less DC motor requires that the rotor has an excellent 
position resolution and information about an accurate 
position to realize smooth steering feeling. Therefore, a 
resolver, a rotary encoder and the like have been 
employed. The foregoing units are costly units. 
[0242] The rotational angle detecting device con- 
structed as described above is arranged such that when 
the rotor shaft 61 of the brushless DC motor 60 and the 
displacement plate 62 have been rotated, the protrusion 
64 which is closest to the detecting surface of the MR 
sensor 63 is moved in the axial direction of the rotor 
shaft 61. 

[0243] The rotational angle detecting device having 
the above-mentioned constructed as described above is 
arranged such that the protrusion 64 which is closest to 
the detecting surface of the MR sensor 63 is moved in 
the axial direction of the rotor shaft 61 when the rotor 
shaft 61 of the brushless DC motor 60 and the displace- 
ment plate 62 are rotated. 

[0244] The protrusion 64 is spirally formed on the 
circumferential surface of the displacement plate 62. 
Therefore, the position of the protrusion 64 which is 
closest to the detecting surface of the MR sensor 63 in 
the axial direction of the rotor shaft 61 and the rotational 
angle of the rotor shaft 61 can be made to correspond to 
each other. For example, as shown in FIG. 26B, setting 
is performed such that the output voltage of the MR sen- 
sor 63 and the rotational angle of the rotor shaft 61 have 



a linear relationship. Thus, the rotational position of the 
rotor of the brushless DC motor 60 can be detected in 
accordance with the output voltage of the MR sensor 
63, as shown in FIG. 26C. 

5 [0245] The MR sensor (magnetic position sensor) 
which has widely been used in recent years has been 
formed into the one-chip IC. Therefore, the MR sensor 
is a low-cost sensor. Moreover, the MR sensor realizing 
exerted resistance against environment can be 

w mounted on an engine room of an automobile. 

[0246] Moreover, the MR sensor can widely been 
used as well as application to the position sensor for the 
rotor of the brushless DC motor and the steering angle 
sensor for the steering wheel. 

is [0247] FIG. 27A through FIG. 27F are diagrams 
showing the construction and operation of the rotational 
angle detecting device according to the present inven- 
tion. The pattern of the magnetic protrusion 64a when 
the circumferential surface of the displacement plate 

20 62a has been developed is formed into a saw-tooth 
shape as shown in FIG. 27B, the output voltage of the 
MR sensor is, as shown in FIG. 27A, changed to form 
the saw-tooth shape similar to the pattern of the protru- 
sion 64a when the displacement plate 62a has been 

25 rotated by 360°. 

[0248] In the case where the pattern of the mag- 
netic protrusion 64b when the circumferential surface of 
the displacement plate 62b has been developed is 
formed into the stepped-shape as shown in FIG. 27D, . 

30 the output voltage of the MR sensor when the displace- 
ment plate 62b has been rotated by 360° is, as shown in 
FIG. 27C, changed to form the stepped shape similar to 
the pattern of the protrusion 64b as shown in FIG. 27C. 
[0249] In the case where the pattern of the mag- 

35 netic protrusion 64c when the circumferential surface of 
the displacement plate 62c has been developed is 
formed into the sine-wave shape as shown in FIG. 27F, 
the output voltage of the MR sensor when the displace- 
ment plate 62c has been rotated by 360° is changed to 

40 form the sine-wave shape similar to the pattern of the 
protrusion 64c as shown in FIG. 27E. 
[0250] In each of the foregoing embodiments, the 
magnetic protrusion is provided as the portion which is 
magnetically discontinuous. The present invention is not 

45 limited to the protrusion. For example, a groove or a 
boundary of surfaces which are different magnetically 
may be provided. In the foregoing case, the portion 
which is magnetically discontinuous can be formed. 
Although the portion which is magnetically discontinu- 

so ous is spirally formed on the circumferential surface of 
the rotor, the portion is not limited to the spiral shape. 

(Sixteenth Embodiment) 

55 [0251] The foregoing torque detecting device 
encounters a fact that the output voltage of the MR sen- 
sor is formed into a nonlinear shape as shown in FIG. 
28A because the characteristic of the output voltage is 
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disordered between the start and end portions of the 
magnetic protrusions. Thus, a sag portion which cannot 
be used to detect the torque is undesirably formed. 
Therefore, a plurality of MR sensors are employed such 
that the phases of the output voltages are shifted as 5 
shown in FIG. 28B. Thus, the output voltage of the sag 
portion is corrected (interpolated). 
[0252] For example, the phases of the output volt- 
ages of two MR sensors are shifted by 180° as shown in 
FIG. 28C. Moreover, either output voltage is inverted to 10 
make a comparison between the two output voltages so 
that the absolute angle is detected. 
[0253] The foregoing method cannot easily manage 
the accuracy of the intersection of the output voltages of 
the two output voltages. When the output voltages of the 15 
two MR sensors are treated with an accuracy of 1 0 bits, 
the accuracy of the output voltage at the intersection 
must be 0.1 % or higher. In the foregoing case, the 
accuracy of the output voltage of the MR sensor cannot 
easily be managed when a manufacturing process is 20 
performed. 

[0254] FIG. 29 is a diagram showing the operation 
of the torque detecting device according to the present 
invention. When the output voltages of the two MR sen- 
sors for performing mutual correction have small sag 25 
portion of the outputs with respect to the given shift of 
the phases, effective data (a straight line portions) over- 
laps the output switching portion as shown in FIG. 29. 
When the output voltage of the MR sensor is corrected, 
the output voltage is switched in the width in which 30 
effective data overlaps. As shown in FIG. 29, a level for 
switching the output voltage of the MR sensor is set for 
both upper and lower portions. When the output voltage 
of the MR sensor is deviated from the range between 
the levels, switching is performed. 35 
[0255] For example, the two magnetic sensors for 
both input shaft and the output shaft are provided such 
that the positions which must be detected are different 
from each other by 180° in the circumferential direction 
of the outer surface. When no torque is being generated 40 
(no twisting is generated in the connecting shaft), the 
output voltages of the magnetic sensors for detecting 
the same positions of the input shaft and the output 
shaft are made to be the same. 

[0256] When torque detection is started, both of the 45 
input shaft and the output shaft are set such that the 
output voltages of the magnetic sensors pass through 
the level which must be switched. The magnetic sen- 
sors which use the output voltage are previously 
selected and judged. When the magnetic sensor for the so 
input shaft and/or the output shaft which uses the output 
voltage has not been determined, torque detection is 
not performed. 

[0257] When the characteristic of the output voltage 
of the MR sensor has a sag portion, torque detection is 55 
permitted. A torque detecting device which is capable of 
easily managed the accuracy of the output voltage of 
the magnetic sensor when the manufacturing process is 



performed and a steering apparatus which rotates the 
electric motor in accordance with a detection result by 
the torque detecting device to generate force for assist- 
ing steering will now be described. 
[0258] FIG. 30 is a principle view showing an 
essential construction of the torque detecting device 
according to an embodiment of the present invention. 
[0259] In this embodiment, the torque detecting 
device is applied to a steering apparatus. A magnetic 
protrusion 22a is spirally formed on the circumferential 
surface of an intermediate portion of an input shaft 21a 
of a steering shaft having an upper end to which a steer- 
ing wheel 1 is connected and a lower end to which the 
torsion bar 6 is connected. 

[0260] To detect the position of the protrusions 22a 
which is moved in the axial direction of the input shaft 
21a when observation is performed from one rotational 
position owing to rogation of the input shaft 21a, an MR 
sensor 23a is disposed in parallel- with the input shaft 
21a such that a proper distance is maintained. The MR 
sensor 23a is secured to a stationary portion of a body 
of an automobile. 

[0261] To detect a position which is different from 
the position detected by the MR sensor 23a by 180° in . 
the circumferential direction of the input shaft 21a, an 
MR sensor 24a is disposed in parallel with the input 
shaft 21 a such that a proper distance is maintained. The 
MR sensor 24a is secured to a stationary portion of a 
body of an automobile. 

[0262] The upper end of the output shaft 21b of the 
steering shaft is connected to the torsion bar 6 and the 
lower end of the same is connected to the pinion gear 3. 
Similarly to the input shaft 21a, a magnetic protrusion 
22a is spirally formed on the circumferential surface of 
an intermediate portion of the output shaft 21b. To 
detect the position of the protrusion 22a which is moved 
in the axial direction of the output shaft 21 b when the 
output shaft 21b has been rotated in a state where 
observation is performed from one rotational position, 
an MR sensor 23b is disposed in parallel with the output 
shaft 21 b such that a proper distance is maintained. The 
MR sensor 23b is secured to a stationary portion of a 
body of an automobile. 

[0263] To detect the position which is different from 
the position detected by the MR sensor 23b by 180° in 
the circumferential surface of the output shaft 21b, an 
MR sensor 24b is disposed in parallel with the output 
shaft 21b such that a proper distance is maintained. The 
MR sensor 24b is secured to a stationary portion of a 
body of an automobile. 

[0264] When no torque is generated by the input 
shaft 21a and the output shaft 21b (when the connect- 
ing shaft is free from twisting), the MR sensors 23a, 
23b, 24a and 24b are brought to a state such that the 
output voltages of the MR sensors 23a and 23b are the 
same. Moreover, the output voltages of the MR sensors 
24a and 24b are the same. 

[0265] Each of the MR sensors 23a, 23b, 24a and 
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24b comprises a potential dividing circuit comprising, for 
example, two magnetic resistors; and a biasing magnet 
provided for the surface which does not face the steer- 
ing shaft The biasing magnet enlarges change in the 
magnetic field owing to the magnetic protrusion 22a. 
Thus, the magnetic field of the surface of the steering 
shaft is intensified in order to improve the sensitivity of 
the MR sensors 23a, 23b, 24a and 24b. 
[0266] Output voltage of each of the MR sensors 
23a, 23b. 24a and 24b is inputted to a signal processing 
unit 35. Output voltage of the signal processing unit 35 
is outputted as a signal indicating the steering torque 
applied on the steering wheel 1 detected by the torque 
detecting device. 

[0267] The operation of the torque detecting device 
having the above-mentioned construction will now be 
described with reference to a flow chart shown in FIG. 
31 through FIG. 33. 

[0268] FIG. 31 through FIG. 33 show a flow chart of 
the operation of the torque detecting device shown in 
FIG. 30. The torque detecting device is arranged such 
that the protrusions 22a which is closest to the detecting 
surfaces of the MR sensors 23a and 24a, 23b and 24b 
is moved in the axial direction of the input shaft 21 a and 
the output shaft 21b whenever the input shaft 21a and 
the output shaft 21b rotate in a range that 0° < 9 < 360°. 
Since the protrusion 22a is formed spirally on the cir- 
cumferential surfaces of the input shaft 21a and the out- 
put shaft 21b, the position of the protrusions 22a which 
is closest to the detecting surfaces of the MR sensors 
23a, 24a, 23b and 24b in the axial direction of the input 
shaft 21a and the output shaft 21b and the rotational 
angle of the input shaft 21 a and the output shaft 2 1 b can 
be made to correspond to each other. 
[0269] When steering torque is applied on the 
steering wheel 1 causing a torsional angle to be gener- 
ated in the torsion bar 6, the output voltage of each of 
the MR sensors 23a and 23b generate the difference in 
the voltage corresponding to the torsional angle. Also 
the output voltage of the MR sensors 24a and 24b gen- 
erate the difference in the voltage corresponding to the 
torsional angle. The difference in the voltage is calcu- 
lated by the signal processing unit 35 so that the tor- 
sional angle is obtained. Thus, a signal indicating the 
steering torque can be outputted. 

[0270] Initially, the signal processing unit 35 exe- 
cutes analog to digital conversion of output voltages MR 
23a, MR 24a, MR 23b and MR 24b of the MR sensors 
23a, 24a, 23b and 24b (S2). 

[0271] FIG. 33A and FIG. 33B are diagrams show- 
ing the operation of the torque detecting device shown 
in FIG. 30. As shown in FIG. 34A. the signal processing 
unit 35 has set upper and lower switching levels LIMH 
and LIML in such a manner that the output voltages MR 
23a and MR 24a (MR 23b and MR 24b) can be switched 
in a portion in which effective data (the straight line por- 
tion) of the output voltages MR 23a and MR 24a (MR 
23b and MR 24b) of the MR sensors 23a and 24a (23b 



and 24b) overlap. An assumption is made that effective 
data (the straight line portion) of the output voltages MR 
23a and MR 24a (MR 23b and MR 24b) are in parallel 
with each other. 

5 [0272] Then, the signal processing unit 35 judges 
whether or not the output voltage MR 23a of the MR 
sensor 23a is higher than the level LIML or the output 
voltage MR 23a is lower than the level LIML (S4). When 
either condition is satisfied, the signal processing unit 

w 35 judges that the MR sensor 24a is the MR sensor for 
detecting the torque of the input shaft 21a (S6). Then, 
the signal processing unit 35 stores the output of the 
MR sensor 24a as the output voltage MR 24a (S8). 
[0273] When either condition is not satisfied as a 

15 result of the judgement performed such that the signal 
processing unit 35 judges whether or not the output volt- 
age MR 23a of the MR sensor 23a is higher than the 
level LIML or the output voltage MR 23a is lower than 
the level LIML (S4), the signal processing unit 35 per- 

20 forms the following process: whether or not the output 
voltage MR 24a of the MR sensor 24a is higher than the 
level LIMH or the output voltage MR 24a is lower than 
the level LIML is judged (S10). When either condition is 
satisfied, the signal processing unit 35 determines the 

25 MR sensor 23a as the MR sensor for detecting the 
torque of the input shaft 21a (S12). Thus, the signal 
processing unit 35 stores the output of the MR sensor 
23a as the output voltage MR 23a (S14). 
[0274] As described above, the signal processing 

30 unit 35 judges whether or not the output voltage MR 24a 
of the MR sensor 24a is higher than the level LIMH or 
the output voltage MR 24a is lower than the level LIML 
(S10). When either condition is not satisfied, whether or 
not the MR sensor for the input shaft 21 a for use in the 

35 previous cycle for detecting the torque is the MR sensor 
23a is judged (S11). When the previous MR sensor is 
the MR sensor 23a, the signal processing unit 35 deter- 
mines the MR sensor 23a as the MR sensor for detect- 
ing the torque of the input shaft 21 a (S12). 

40 [0275] As described above, the signal processing 
unit 35 judges whether or not the MR sensor for the 
input shaft 21 a for use in the previous cycle for detecting 
the torque is the MR sensor 23a (S1 1). When the MR 
sensor is not the MR sensor 23a, whether or not the MR 

45 sensor for the input shaft 21a for use in the cycle for 
detecting the torque is the MR sensor 24a is judged 
(S13). When. the previous MR sensor is the MR sensor 
24a, the signal processing unit 35 determines that the 
MR sensor 24a is the MR sensor for detecting the 

so torque of the input shaft 21 a (S6). 

[0276] When the signal processing unit 35 has 
determined that the output of the MR sensor for detect- 
ing the torque of the input shaft 21 a is the output voltage 
MR 24a (S8), or that the output of the MR sensor for 

55 detecting the torque of the input shaft 21 a is the output 
voltage MR 23a (S14), the signal processing unit 35 
judges whether or not the output voltage MR 23b of the 
MR sensor 23b is higher than the level LIMH or the out- 
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put voltage MR 23b is lower than the level LIML (S16). 
When either condition is satisfied, the signal processing 
unit 35 determines that the MR sensor 24b is the MR 
sensor for detecting the torque of the output shaft 21 b 
(Si 8). Thus, the signal processing unit 35 stores the 5 
output of the MR sensor 24b as the output voltage MR 
24b (S20). 

[0277] As described above, the signal processing 
unit 35 judges whether or not the output voltage MR 23b 
of the MR sensor 23b is higher than the level LIMH or 10 
the output voltage MR 23b is lower than the level LIML 
(S16). When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the output volt- 
age MR 24b of the MR sensor 24b is higher than the 
level LIMH or the output voltage 24b is lower than the 15 
level LIML (S22). When either condition is satisfied, the 
signal processing unit 35 determines the MR sensor 
23b is the MR sensor for detecting the torque of the out- 
put shaft 21b (S24). Then, the signal processing unit 35 
stores the output of the MR sensor 23b as the output 20 
voltage MR 23b (S26). 

[0278] As described above, the signal processing 
unit 35 judges whether or not the output voltage MR 24b 
of the MR sensor 24b is higher than the level LIMH or 
the output voltage MR 24b is lower than the level LIML 25 
(S22). When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the MR sensor 
for the output shaft 21 b for use in the previous cycle for 
detecting the torque is the MR sensor 23b (S23). When 
the previous MR sensor is the MR sensor 23b, the sig- 30 
nal processing unit 35 determines the MR sensor-23b 
as the MR sensor for detecting the torque of the output 
shaft 21 b (S24). 

[0279] As described above, the signal processing 
unit 35 judges whether or not the M R sensor for the out- 35 
put shaft 21b for use in the previous cycle for detecting 
the torque is the MR sensor 23b (S23). When the MR 
sensor is not the MR sensor 23b, the signal processing 
unit 35 judges whether or not the M R sensor for the out- 
put shaft 21b for use in the previous cycle for detecting 40 
the torque is the MR sensor 24b (S25). When the previ- 
ous sensor is the MR sensor 24b, the signal processing 
unit 35 determines that the MR sensor 24b is the MR 
sensor for detecting the torque of the output shaft 21b 
(SI 8). 4S 
[0280] Then, the signal processing unit 35 judges 
whether or not the MR sensor for detecting the torque of 
the input shaft 21a has been determined (sensor 1 * 
23a r\ sensor 1 * 24a) or whether or not the MR sensor 
for detecting the torque of the output shaft 21 b has not 50 
been determined (sensor 2 * 23b n sensor 2 * 24b) 
(S28). When a judgment result is such that either or 
both of the MR sensors have not been determined 
{(sensor 1 * 23a n sensor 1 * 24a) u (sensor 2 * 23b 
n sensor 2 * 24b)}, the signal processing unit 35 out- 55 
puts a signal indicating that the detected torque is zero 
(S38). 

[0281 ] The foregoing case is such that the M R sen- 



sor which has outputted the output voltage higher than 
the level LIMH or lower than the level LIML does not 
exist for the input shaft 21a and/or output shaft 21 b (S4, 
S10, SI 6 and S22). Moreover, the MR sensor which 
has been used in the previous cycle for detecting the 
torque is not present (S13 and S25). Thus, the MR sen- 
sor for detecting the torque cannot be determined. 
[0282] When an MR sensor which has outputted 
the output voltage higher than the level LIMH or the out- 
put voltage lower than the level LIML is present, the 
other MR sensor can be determined as the MR sensor 
for detecting the torque as shown in FIG. 34A. When 
any MR sensor which has outputted the output voltage 
higher than the level LIMH or lower than the level LIML 
is not present, presence of the MR sensor for use in the 
previous cycle for detecting the torque permits the MR 
sensor to continuously be used to detect the torque. 
[0283] When the MR sensor for detecting the 
torque of the input shaft 21a and the MR sensor for 
detecting the torque of the output shaft 21b have been 
determined {(sensor 1 = 23a sensor 1 = 24a) o (sen- 
sor 2 = 23b u sensor 2 = 24b)}, the signal processing 
unit 35 calculates "the torque = the output voltage of the 
MR sensor of the input shaft - the output voltage of the 
MR sensor of the output shaft" (S30). 
[0284] Then, the signal processing unit 35 judges 
whether or not the MR sensor for detecting the torque is 
such that the MR sensor for the input shaft 21a is the 
MR sensor 23a and the MR sensor for the output shaft 
21 b is the MR sensor 23b or whether or not the MR sen- 
sor for the input shaft 21 a is the M R sensor 24a and the 
MR sensor for the output shaft 21b is the MR sensor 
24b (that is, present on the same side) (S32). When 
either condition is satisfied, that is, in the case where all 
of the MR sensors for detecting the torque are present 
on the same side with respect to the input shaft 21 a and 
the output shaft 21 b and, therefore, the MR sensors 
have the same output characteristics as shown in FIG. 
34A, the torque which is detected is expressed as devi- 
ation of the output characteristics. Therefore, correction 
of the torque is not required. Thus, the signal process- 
ing unit 35 outputs the calculated torque (S30) as the 
detected torque. 

[0285] When the judgement performed by the sig- 
nal processing unit 35 (S32) results in a fact that either 
condition is not satisfied, that is, in the case where the 
MR sensor for detecting the torque is the MR sensor 
23a for the input shaft 21a and the MR sensor 24b for 
the output shaft 21b or in the case where the MR sensor 
24a is the MR sensor for the input shaft 21 a and the MR 
sensor 23b is the MR sensor for the output shaft 21b 
(S32), the signal processing unit 35 judges whether or 
not the output voltage of the MR sensor for the input 
shaft 21a is higher than the output voltage of the MR 
sensor for the output shaft 21 b (S34). When the output 
voltage of the input shaft 21 a is higher than that of the 
output shaft 21 b t a predetermined voltage level T is sub- 
tracted from the calculated torque (S30) to correct the 
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torque (S36). Then, the signal processing unit 35 out- 
puts the corrected torque as the detected torque. 
[0286] The signal processing unit 35 judges 
whether or not the output voltage of the MR for the input 
shaft 21 a is higher tan the output voltage of the MR sen- 
sor for the output shaft 21 b (S34). When the output volt- 
age for the output shaft 21b is higher, the signal 
processing unit 35 adds the predetermined voltage level 
T to the calculated torque (S30) to correct the torque 
(S40), and outputs the corrected torque as the detected 
torque. 

[0287] When the two MR sensors for use in detect- 
ing the torque are present on the different sides with 
respect to the input shaft 21a and the output shaft 21b 
(S32), their output characteristics are different from 
each other by the voltage level T corresponding to the 
difference in the position which must be detected (180° 
in the circumferential direction of the input shaft 21 a and 
the output shaft 21 b) as show in FIG. 34B. 
[0288] Therefore, when the output voltage of the 
MR sensor for the input shaft 21a is higher than the out- 
put voltage of the MR sensor for the output shaft 21b 
(S34). the MR sensor for the input shaft 21 a is the MR 
sensor 23a and the MR sensor for the output shaft 21 b 
is the MR sensor 24b as shown in FIG. 34B. Therefore, 
the voltage level T is added to the output voltage MR 
24b of the MR sensor 24b so that conversion into the 
output voltage MR 23b of the MR sensor 23b is per- 
formed. Thus, the correction of the torque is performed 
(S36). 

[0289] When the output voltage of the MR sensor 
for the input shaft 21 a is lower than the output voltage of 
the MR sensor for the output shaft 21b (S34), the MR 
sensor for the input shaft 21a is the MR sensor 24b and 
the MR sensor for the output shaft 21b is the MR sensor 
23b as shown in FIG. 34B. Therefore, the voltage level 
T is added to the output voltage MR 24a of the MR sen- 
sor 24a so that conversion to the output voltage MR 23a 
of the MR sensor 23a is performed. Thus, the torque is 
corrected (S40). 

(Seventeenth Embodiment) 

[0290] FIG. 35 through FIG. 40 is a flow chart of the 
operation of a seventeenth embodiment of the torque 
detecting device according to the present invention. The 
torque detecting device according to this embodiment is 
similar to the construction (FIG. 30) of the torque detect- 
ing device according to the si>cteenth embodiment. 
Therefore, the construction is omitted from description. 
[0291] Note that each of the difference in the posi- 
tions which must be detected by the MR sensors 23a 
and 24a and the difference in the positions which must 
be detected by the MR sensors 23b and 24b is not 
required to be 180° in the circumferential surface of the 
input shaft 21 a and the output shaft 21 b. Moreover, the 
difference may be present for a predetermined distance 
in the axial direction of each of the input shaft 21a and 



the output shaft 21 b. 

[0292] The operation of the torque detecting device 
will now be described with reference to a flow chart 
shown in FIG. 35 through FIG. 40. 

5 [0293] The torque detecting device is arranged 
such that the protrusions 22a which is closest to the 
detecting surfaces of the MR sensors 23a, 24a, 23b and 
24b is moved in the axial direction of the input shaft 21 a 
and the output shaft 21b when the input shaft 21 a and 
io the output shaft 21 b are rotated in a range 0° < 6 < 360°. 
Since the protrusion 22a is formed spirally on the cir- 
cumferential surfaces of the input shaft 21a and the out- 
put shaft 21b, the position of the protrusions 22a which 
is closest to the detecting surfaces of the MR sensors 

15 23a, 24a, 23b and 24b in the axial direction of the input 
shaft 21a and the output shaft 21b and the rotational 
angle of the input shaft 21 a and the output shaft 21 bean 
be made to correspond to each other. 
[0294] When steering torque is applied on the 

20 steering wheel 1 causing a torsional angle to be gener- 
ated in the torsion bar 6, the output voltage of each of 
the MR sensors 23a and 23b generate the difference in 
the voltage corresponding to the torsional angle. Also 
the output voltage of the MR sensors 24a and 24b gen- 

25 erate the difference in the voltage corresponding to the 
torsional angle. The difference in the voltage is calcu- 
lated by the signal processing unit 35 so that the tor- 
sional angle is obtained. Thus, a signal indicating the 
steering torque can be outputted. 

30 [0295] Initially, the signal processing unit 35 per- 
forms analog to digital conversion of the output voltages 
MR 23a, MR 24a, MR 23b and MR 24b of the MR sen- 
sors 23a, 24a, 23b and 24b (S42). 
[0296] FIG. 40A and FIG. 40B are diagrams show- 

35 ing the operation of the torque detecting device accord- 
ing to the present invention. As shown in FIG. 40A and 
FIG. 40B, the signal processing unit 35 has set upper 
and lower switching levels UMH and LIML in such a 
manner that the output voltages MR 23a and MR 24a 

*o (MR 23b and MR 24b) can be switched in a portion in 
which effective data (the straight line portion) of the out- 
put voltages MR 23a and MR 24a (MR 23b and MR 
24b) of the MR sensors 23a and 24a (23b and 24b) 
overlap. An assumption is made that effective data (the 

45 straight line portion) of the output voltages MR 23a and 
MR 24a (MR 23b and MR 24b) are in parallel with each 
other. 

[0297] Then, the signal processing unit 35 judges 
whether or not the output voltage MR 23a of the MR 

50 sensor 23a is higher than the level LIML or the output 
voltage MR 23a is lower than the level LIML (S44). . 
When either condition is satisfied, the signal processing 
unit 35 judges that the MR sensor for the input shaft 21 a 
for use in the previous cycle for detecting the torque is 

55 the MR sensor 23a (S46). When the previous MR sen- 
sor is the MR sensor 23a, whether or not the output volt- 
age MR 23a of the MR sensor 23a is higher than level 
LIMH is judged (S48). When the output voltage MR 23a 
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is higher, calculation that voltage level 
"T1B = MR 23a - MR 24a " is performed so as to be 
stored for use in conversion (S50). When the output 
voltage MR 23a is lower (S48), calculation that voltage 
level "Ti A = MR 24a - MR 23a " is performed so as to 5 
be stored for use in conversion (S68). 
[0298] Then, the signal processing unit 35 deter- 
mines the MR sensor 24a as the MR sensor for detect- 
ing the torque of the input shaft 21a (S52). The output of 
the MR sensor 24a is stored as the output voltage MR w 
24a (S54). 

[0299] When the MR sensor for detecting the 
torque of the input shaft 21a is switched from the MR 
sensor 23a to the MR sensor 24a, their output voltages 
are different from each other by the voltage level corre- 75 
sponding to the difference in the position which must be 
detected. Therefore, conversion must be performed. 
Therefore, when the output voltage MR 23a of the MR 
sensor 23a is higher than the level UMH (S48), the volt- 
age level T1 B for use in the conversion is calculated by 20 
using FIG. 41 A so as to be stored. When the output volt- 
age MR 23a of the MR sensor 23a is lower than the 
level LIMH (S48), that is, when the output voltage MR 
23a is lower than the level LIML, voltage level T1A for 
use in the conversion is calculated by using FIG. 41 A so 25 
as to be stored. 

[0300] When the MR sensor for the input shaft 21 a 
for use in the previous cycle for detecting the torque is 
not the MR sensor 23a (S46), that is, when the MR sen- 
sor 24a is used in the previous process and no switch- 30 
ing is performed, any conversion is not required. Thus, 
the signal processing unit 35 determines the MR sensor 
24a as the MR sensor for detecting the torque of the 
input shaft 21a (S52). Then, the signal processing unit 
35 stores the output of the MR sensor 24a as the output 35 
voltage MR 24a (S54). 

[0301] As described above, the signal processing 
unit 35 judges whether or not the output voltage MR 23a 
of the MR sensor 23a is higher than the level LIMH or 
the output voltage MR 23a is lower than the level LIML 40 
(S44). When either condition is not satisfied, whether or 
not the output voltage MR 24a of the MR sensor 24a is 
higher than the level LIMH or whether or not the output 
voltage MR 24a is lower than the level LIML (S56). 
When either condition is satisfied, whether or not the 45 
MR sensor for the input shaft 21 a for use in the previous 
cycle for detecting the torque is the MR sensor 24a is 
judged (S58). When the previous MR sensor is the MR 
sensor 24a, whether or not the output voltage MR 24a 
of the MR sensor 24a is higher than the level LIMH 50 
(S60). When the output voltage MR 24a is higher, volt- 
age level "T1 A = MR 24a - MR 23a 0 is calculated for 
use in the conversion so as to be stored (S62). When 
the output voltage MR 24a is lower (S60), voltage level 
"T1 B = MR 23a - MR 24a " is calculated for use in the 55 
conversions© as to be stored (S70). 
[0302] Then, the signal processing unit 35 deter- 
mines the MR sensor 23a as the MR sensor for detect- 



ing the torque of the input shaft 21 a (S64). The output of 
the MR sensor 23a is stored as the output voltage MR 
23a (S66). 

[0303] When the MR sensor for detecting the 
torque of the input shaft 21a is switched from the MR 
sensor 24a to the MR sensor 23a, their output voltages 
are different from each other by the voltage level corre- 
sponding to the difference in the positions which must 
be detected. Therefore, conversion is required. 
[0304] When the output voltage MR 24a of the MR 
sensor 24a is higher than the level LIMH (S60), the volt- 
age level T1A for use in the conversion is calculated 
from FIG. 41 A so as to be stored. When the output volt- 
age MR 24a of the MR sensor 24a is lower than the 
level LIMH (S60), that is, when the output voltage MR 
24a is lower than the level LIML, the voltage level T1B 
for use in the conversion is calculated from FIG. 41 A so 
as to be stored. 

[0305] As described above, the signal processing 
unit 35 judges whether or not the output voltage MR 24a 
of the MR sensor 24a is higher than the level LIMH or 
whether or not the output voltage MR 24a is lower than 
the level LIML (S56). When either condition is not satis- 
fied, the signal processing unit 35 judges whether or not 
the MR sensor for the input shaft 21 a for use in the pre- 
vious cycle for detecting the torque is the MR sensor 
23a (S57). When the previous MR sensor is the MR 
sensor 23a, the signal processing unit 35 determines 
that the MR sensor 23a is the MR sensor for detecting 
the torque of the input shaft 21a (S64). 
[0306] As described above, the signal processing 
unit 35 judges whether or not the MR sensor for the 
input shaft 21 a for use in the previous cycle for detecting 
the torque is the MR sensor 23a (S57). When the MR 
sensor is not the M R sensor 23a, whether or not the MR 
sensor for the input shaft 21 a for use in the previous 
cycle for detecting the torque is the MR sensor 24a is 
judged (S59). When the previous MR sensor is the MR 
sensor 24a, the signal processing unit 35 determines 
the MR sensor 24a as the MR sensor for detecting the 
torque of the input shaft 21 a (S52). 
[0307] As described above, the signal processing 
unit 35 judges whether or not the MR sensor for the 
input shaft 21 a for use in the previous cycle for detecting 
the torque is the MR sensor 24a (S59). When the MR 
sensor is not the M R sensor 24a, whether or not the MR 
sensor for detecting the torque of the input shaft 21a 
has not been determined (sensor 1 * 23a r\ sensor 1 * 
24a) or whether or. not the MR sensor for detecting the 
torque of the output shaft 21b has not been determined 
(sensor 2 * 23b n sensor 2 * 24b) (S100). 
[0308] When the signal processing unit 35 has 
determined that the output of the MR sensor for the 
input shaft 21a is the output voltage MR 24a (S54) or 
when the signal processing unit 35 has determined that 
the output of the MR sensor for detecting the torque of 
the input shaft 21a is the output voltage MR 23a (S66), 
the signal processing unit 35 judges whether or not the 
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output voltage MR 23b of the MR sensor 23b is higher 
than the level LIMH or whether or not the output voltage 
MR 23b is lower than the level LIML (S72). When either 
condition is satisfied, the signal processing unit 35 
judges whether or not the MR sensor for the output 
shaft 21b for use in the previous cycle for detecting the 
torque is the MR sensor 23b (S74). 
[0309] As described above, the signal processing 
unit 35 judges whether or not the previous MR sensor is 
the MR sensor 23b (S74). When the previous MR sen- 
sor is the MR sensor 23b, whether or not the output volt- 
age MR 23b of the MR sensor 23b is higher than the 
level LIMH is judged (S76). When the output volt- 
age MR 23b is higher, the voltage level 
"T2B = MR23b - MR24b " is calculated and stored for 
use in the conversion (S78). When the output volt- 
age MR 23b is lower (S76), the voltage level 
"T2A = MR 24b - MR 23b ■ is calculated and stored for 
use in the conversion (S84). 

[0310] Then, the signal processing unit 35 deter- 
mines the MR sensor 24b as the MR sensor for detect- 
ing the torque of the output shaft 21b (S80). The output 
of the MR sensor 24b is stored as the output voltage M R 
24b (S82). 

[0311] When the MR sensor for detecting the 
torque of the output shaft 21b is switched from the MR 
sensor 23b to the MR sensor 24b, their output voltages 
are different from each other by the voltage level corre- 
sponding to the difference in the positions which must 
be detected. Therefore, conversion is required. There- 
fore, when the output voltage MR 23b of the MR sensor 
23b is higher than the level LIMH (S76), the voltage 
level T2B for use in the conversion is calculated from 
FIG. 41 B and stored (S78). When the output voltage 
MR 23b of the MR sensor 23b is lower than the level 
LIMH (S76), that is, when the output voltage MR 23b is 
lower than the level LIML, the voltage level T2A for use 
in the conversion is calculated from FIG. 41 B and stored 
(S84). 

[0312] When the MR sensor for the output shaft 21b 
for use in the previous cycle for detecting the torque is 
not the MR sensor 23b (S74), that is, when the previous 
MR sensor is the MR sensor 24b and, therefore, no 
switching of the MR sensor is performed, no conversion 
is required. Thus, the signal processing unit 35 deter- 
mines the MR sensor 24b as the MR sensor for detect- 
ing the torque of the output shaft 21b (S80). Then, the 
signal processing unit 35 stores the output of the MR 
sensor 24b as the output voltage MR 24b (S82). 
[0313] As described above, the signal processing 
unit 35 judges whether or not the output voltage MR 23b 
of the MR sensor 23b is higher than the level LIMH or 
whether or not the output voltage MR 23b is lower than 
the level LIML (S72). When either condition is not satis- 
fied, whether or not the output voltage MR 24b of the 
MR sensor 24b is higher than the level LIMH or whether 
or not the output voltage MR 24b is lower than the level 
LIML is judged (S86). When either condition is con- 



struction, whether or not the MR sensor for the output 
shaft 21b for use in the previous cycle for detecting the 
torque is the MR sensor 24b is judged (S88). When the 
previous MR sensor is the MR sensor 24b, whether or 

5 not the output voltage MR 24b of the MR sensor 24b is 
higher than the level LIMH is judged (S90). When the 
output voltage MR 24b is higher, the voltage level 
"T2A = MR 24b - MR 23b ' for use in the conversion is 
calculated and stored (S92). When the output volt- 

70 age MR 24b is lower (S90), the voltage level 
"T2B = MR 23b - MR 24b " for use in the conversion is 
calculated and stored (S98). 

[0314] Then, the signal processing unit 35 deter- 
mines the MR sensor 23b as the MR sensor for detect- 
75 ing the torque of the output shaft 21b (S94). The output 
of the MR sensor 23b is stored as the output voltage MR 
23b (S96). 

[0315] When the MR sensor for detecting the 
torque of the output shaft 21b is switched from the MR 

20 sensor 24b to the MR sensor 23b, their output voltages 
are different from each other by the voltage level corre- 
sponding to the difference in the position which must be 
detected. Therefore, conversion is required. 
[0316] When the output voltage MR 24b of the MR 

25 sensor 24b is higher than the level LIMH (S90), the volt- 
age level T2A for use in the conversion is calculated and 
stored (S92). When the output voltage MR 24b of the 
MR sensor 24b is lower than the level LIMH (S90), that 
is, when the output voltage MR 24b is lower than the 

30 level LIML, the voltage level T2B for use in the conver- 
sion is calculated from FIG. 41 B and stored (S98). 
[0317] As described above, the signal processing 
unit 35 judges whether or not the output voltage MR 24b 
of the MR sensor 24b is higher than the level LIMH or 

35 the output voltage MR 24b is lower than the level LIML 
(S86). When either condition is not satisfied, the signal 
processing unit 35 judges whether or not the M R sensor 
for the output shaft 21 b for use in the previous cycle for 
detecting the torque is MR sensor 23b (S87). When the 

40 previous MR sensor is the MR sensor 23b, the signal 
processing unit 35 determines that the MR sensor 23b 
is the MR sensor for detecting the torque of the output 
shaft 21b (S94). 

[0318] As described above, the signal processing 
45 unit 35 judges whether or not the MR sensor for the out- 
put shaft 21b for use in the previous cycle for detecting 
the torque is the MR sensor 23b (S87). When the MR 
sensor is not the MR sensor 23b, the signal processing 
unit 35 judges whether or not the MR sensor for the out- 
50 put shaft 21 b for use in the previous cycle for detecting 
the torque is the MR sensor 24b (S89). When the previ- 
ous MR sensor is the MR sensor 24b, the signal 
processing unit 35 determines that the MR sensor 24b 
as the MR sensor for detecting the torque of the output 
55 shaft 21 b (S80). 

[0319] Then, the signal processing unit 35 judges 
whether or not the MR sensor for detecting the torque of 
the input shaft 21a has been determined (sensor 1 * 
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23a n sensor 1 * 24a) or whether or not the MR sensor 
for detecting the torque of the output shaft 21b has been 
determined (sensor 2 * 23b n sensor 2 # 24b) (S100). 
When a judgment result is such that either or both of the 
MR sensors have not been determined {(sensor 1 * 23a 5 
r\ sensor 1 * 24a) kj (sensor 2 * 23b o sensor 2 * 24b)}, 
the signal processing unit 35 outputs a signal indicating 
that the detected torque is zero (S1 1 2). 
[0320] The foregoing case is such that the MR sen- 
sor which has outputted the output voltage higher than 10 
the level LIMH or lower than the level LIML does not 
exist for the input shaft 21a and/or output shaft 21b 
(S44, S56. S72 and S86). Moreover, the MR sensor 
which has been used in the previous cycle for detecting 
the torque is not present (S59 and S89). Thus, the MR 15 
sensor for detecting the torque cannot be determined. 
[0321] When an MR sensor which has outputted 
the output voltage higher than the level LIMH or the out- 
put voltage lower than the level LIML is present, the sig- 
nal processing unit 35 determined that the other MR 20 
sensor is the MR sensor for detecting the torque as 
shown in FIG. 40A and FIG. 40B. When any MR sensor 
which has outputted the output voltage higher than the 
level LIMH or lower than the level LIML is not present, 
presence of the MR sensor for use in the previous cycle 25 
for detecting the torque permits the MR sensor to con- 
tinuously be used to detect the torque. 
[0322] When the MR sensor for detecting the 
torque of the input shaft 21a and the MR sensor for 
detecting the torque of the. output shaft 21b have been 30 
determined {(sensor 1 = 23a y sensor 1 = 24a) n (sen- 
sor 2 = 23b u sensor 2 = 24b)}, the signal processing 
unit 35 calculates "torque = output voltage of MR sensor 
for the input shaft - output voltage of the MR sensor for 
the output shaft" (S1 02). 35 
[0323] Then, the signal processing unit 35 judges 
whether or not the MR sensor for detecting the torque is 
such that the MR sensor for the input shaft 21a is the 
MR sensor 23a and the MR sensor for the output shaft 
21 b is the MR sensor 23b or whether or not the MR sen- <o 
sor for the input shaft 21 a is the MR sensor 24a and the 
MR sensor for the output shaft 21b is the MR sensor 
24b (that is, present on the same side) (Si 04). When 
either condition is satisfied, whether or not the MR sen- 
sors for detecting the torque are the MR sensors 23a 45 
and 23b is judged (Si 14). When a judgement result is 
such that the MR sensors for detecting the torque are 
MR sensors 23a and 23b, that is, both of the MR sensor 
for detecting the torque are present on the same side 
with respect to the input shaft 21a and output shaft 21b 50 
and, therefore, the MR sensors have the same output 
characteristics as shown in FIG. 40A and FIG. 40B, the 
torque which is detected is expressed as deviation of 
the output characteristics. Therefore, correction of the 
torque is not required. Thus, the signal processing unit . 55 
35 outputs the calculated torque (S102) as the detected 
torque. 

[0324] The signal processing unit 35 judges 



whether or not the MR sensors for detecting the torque 
are the MR sensors 23a and 23b (S1 14). When a judge- 
ment result is such that the MR sensors are not the MR 
sensors 23a and 23b, and that the MR sensors are the 
MR sensors 24a and 24b. The voltage level Tl 8 which 
has been calculated (S50) is added to the calculated 
torque (S102). Moreover, the voltage level T2B which 
has been calculated is subtracted (S78). Thus, the cor- 
rection of the torque is performed (S1 16). The corrected 
torque is outputted as the detected. 
[0325] When either condition is not satisfied in the 
judgement result (S104), that is, when the MR sensor 
for detecting the torque is the MR sensor 23a for the 
input shaft 21a and the MR sensor 24b for the output 
shaft 21 b or when the MR sensor is the MR sensor. 24a 
for the input shaft 21a and the MR sensor 23b for the 
output shaft 21b (S104), judgement whether or not the 
MR sensor for detecting the torque is the MR sensor 
23a for the input shaft 21a is performed (S1 06). 
[0326] When the MR sensor for detecting the 
torque is the MR sensor 23a for the input shaft 21a 
(Si 06), the signal processing unit 35 judges whether or 
not the output voltage of the MR sensor for the input 
shaft 21a is higher than the output voltage of the MR 
sensor for the output shaft 21 b (S1 08). When the output 
voltage forthe input shaft 21 a is higher, the voltage level 
T2B which has been calculated (S78) is subtracted from 
the calculated torque (S102) so that the torque is cor- 
rected (S1 1 0). The signal processing unit 35 outputs the 
corrected torque as the detected torque. 
[0327] As described above, the signal processing 
unit 35 judges whether or not the output voltage of the 
MR sensor for the input shaft 21 a is higher than the out- 
put voltage of the MR sensor for the output shaft 21b 
(S108). When the output voltage forthe output shaft 21b 
is higher, the voltage value T2A which has been calcu- 
lated (S84) is added to the calculated torque (Si 02). 
The signal processing unit 35 outputs the corrected 
torque as the detected torque (Si 24) 
[0328] As described above, the signal processing 
unit 35 judges whether or not the MR sensor for detect- 
ing the torque is the MR sensor 23a for the input shaft 
21a (S106). When the MR sensor for the input shaft 21a 
is not the MR sensor 23a, that is, when the MR sensor 
for the input shaft 21 a is the MR sensor 24a, the signal 
processing unit 35 judges whether or not the output volt- 
age of the MR sensor for the input shaft 21a is higher 
than the output voltage of the MR sensor for the output 
shaft 21 b (S1 1 8). When the output voltage for the input 
shaft 21a is higher, the voltage level T1A which has 
been calculated (S68) is subtracted from the calculated 
torque (S102) so that correction of the torque is per- 
formed (S120). The signal processing unit 35 outputs 
the corrected torque as the detected torque.. 
[0329] As described above, the signal processing 
unit 35 judges whether or not the output voltage of the 
MR sensor for the input shaft 21 a is higher than the out- 
put voltage of the MR sensor for the output shaft 21b 
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(S1 1 8). When the output voltage for the output shaft 21b 
is higher, the voltage level T1 B which has been calcu- 
lated (S50) is added to the calculated torque (S102). 
Thus, the torque is corrected (SI 22). The signal 
processing unit 35 outputs the corrected torque as the 5 
detected torque. 

[0330] When the two MR sensors for use to detect 
the torque are the MR sensor 24a and/or MR sensor 
24b, the output voltages MR 24a and MR 24b of the MR 
sensors 24a and 24b are converted into output voltages w 
23a and MR 23b of the MR sensors 23a and 23b. 
[0331] When the MR sensor for the input shaft 21 a 
is the MR sensor 23a and the MR sensor for the output 
shaft 21b is the MR sensor 24b (S106) and when the 
output voltage of the MR sensor for the input shaft 21 a is 
is higher than the output voltage of the MR sensor for 
the output shaft 21b (Si 08). The voltage level T2B is 
added to the output voltage MR 24b of the MR sensor 
24b as shown in FIG. 40A and FIG. 40B. Thus, conver- 
sion into the output voltage MR 23b of the MR sensor 20 
23b is performed (Si 1 0). 

[0332] When the MR sensor for the input shaft 21a 
is the MR sensor 23a and the MR sensor for the output 
shaft 21b is the MR sensor 24b (Si 06) and when the 
output voltage of the MR sensor for the input shaft 21 a 25 
is lower than the output voltage of the MR sensor for the 
output shaft 21b (S108), the voltage value T2A is sub- 
tracted from the output voltage MR 24b of the MR sen- 
sor 24b shown in FIG. 40A and FIG. 40B. Thus, 
conversion into the output voltage MR 23b of the MR 30 
sensor 23b is performed (Si 24). 

[0333] When the MR sensor for the input shaft 21 a 
is the MR sensor 24a and the MR sensor for the output 
shaft 21b is the MR sensor 23b (S106) and when the 
output voltage of the MR sensor for the input shaft 21 a 35 
is higher than the output voltage of the MR sensor for 
the output shaft 21b (SI 08), the voltage level T1A is 
subtracted from the output voltage MR 24a of the MR 
sensor 24a as shown in FIG. 40A and FIG. 40B. Thus, 
conversion into the output voltage MR 23a of the MR 40 
sensor 23a is performed. 

[0334] When the MR sensor for the input shaft 21 a 
is the MR sensor 24a and that for the output shaft 21b is 
the MR sensor 23b (S106) and when the output voltage 
of the MR sensor for the input shaft 21 a is lower than the 45 
output voltage of the MR sensor for the output shaft 21 b 
(S1 08), the voltage level T1 B is added to the output volt- 
age MR 24a of the MR sensor 24a as shown in FIG. 
40A and FIG. 40B. Thus, conversion into the output volt- 
age MR 23a of the MR sensor 23a is performed. so 
[0335] When the MR sensor for the input shaft 21a 
is the MR sensor 24a and the MR sensor for the output 
shaft 21b is the MR sensor 24b (S114), as shown in 
FIG. 40A and FIG. 40B, the voltage level T1B is added 
to the output voltage MR 24a of the MR sensor 24a to 55 
convert into the output voltage MR 23a of the MR sen- 
sor 23a and the voltage level T2B is added to the output 
voltage MR 24b of the MR sensor 24b to convert into 



the output voltage MR 23b of the MR sensor 23b 
(S1 16). 

[0336] Since "T1 B + T1 A = T2B +T2A" is a volt- 
age level (constant) corresponding to 360°, subtraction 
of the voltage level T1 A from the output voltage MR 24a 
of the MR sensor 24a, conversion into the output volt- 
age MR 23a of the MR sensor 23a, subtraction of the 
voltage value T2A from the output voltage MR 24b of 
the MR sensor 24b and conversion into the output volt- 
age MR 23b of the MR sensor 23b attain the same 
result as the case where the individual conversion is 
performed by using the voltage levels T1 B and T2B. 
[0337] That is, by FIG. 40A and FIG. 40B, though 
the subtraction of the voltage level T1 A which has been 
calculated (S68) from the calculated torque (S102) and 
addition of the voltage value T2A which has been calcu- 
lated (S84) are performed to correct the torque, the 
result is the same value after the correction has been 
performed in the foregoing case of the correction of the 
torque (S1 16). 

[0338] In the seventeenth embodiment of the torque 
detecting device, the torque can accurately be per- 
formed when the difference in the positions which must 
be detected by the MR sensors 23a and 24a and the dif- 
ference in the positions which must be detected by the 
MR sensors 23b and 24b are not accurately distant by 
180° in the circumferential direction of the input shaft 
21 a and output shaft 21b. 

(Eighteenth Embodiment) 

[0339] FIG. 42 is a principle view showing an 
essential construction of an eighteenth embodiment of 
the torque detecting device according to the present 
invention. The torque detecting device according to this 
embodiment has a construction that voltages outputted 
from the MR sensors 23a, 23b, 24a and 24b to corre- 
spond to the detecting positions are inputted to the sig- 
nal processing unit 35. The signal processing unit 35 
performs analog to digital conversion of the inputted 
voltages to input the digital values to the tables 35a, 
35b, 35c and 35d for each output voltage. 
[0340] The tables 35a, 35b, 35c and 35d is con- 
structed by EPROM (Erasable and Programmable 
ROM) formed into a matrix configuration to output digital 
signals corresponding to the inputted digital signals. 
[0341] In the tables 35a, 35b, 35c and 35d, the 
detecting positions and characteristics of the output 
voltages of the MR sensors 23a, 23b, 24a and 24b are 
stored such that the positions and the characteristics 
are made to correspond to one another when the torque 
detecting device has been manufactured. 
[0342] The tables 35a, 35b, 35c and 35d output the 
voltage levels (digital signals) which must be outputted 
to correspond to the output voltage levels (digital sig- 
nals) when the MR sensors 23a, 23b, 24a and 24b have 
detected the positions. 

[0343] When the MR sensors 23a and 24a are 
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switched, the tables 35a and 35b correct the output volt- 
ages of the MR sensors 23a, 23b, 24a and 24b in such 
a manner that the output voltages which must be out- 
putted are free from any deviation and smooth switching 
is permitted. The tables 35c and 35d correct the output 5 
voltage in such a manner that the output voltages which 
must be outputted are free from any deviation and 
smooth switching is permitted when the MR sensors 
23b and 24b are switched. 

[0344] The signal processing unit 35 uses the out- 10 
put voltages of the MR sensors 23a, 23b, 24a and 24b 
corrected by the tables 35a, 35b, 35c and 35d to per- 
form the operation of the signal processing unit 35 
described in the sixteenth and seventeenth embodi- 
ment. 15 
[0345] Since the other constructions and operations 
of the torque detecting device are similar to those of the 
torque detecting device according to the sixteenth and 
seventeenth embodiment, the similar constructions and 
operations are omitted from description. 20 

(Nineteenth Embodiment) 

[0346] FIG. 43 is a vertical cross sectional view 
showing an essential construction of a nineteenth 25 
embodiment of a steering apparatus according to the 
present invention. The steering apparatus according to 
this embodiment comprises an upper shaft 2 which is 
attached to the upper end thereof and to which a steer- 
ing wheel 1 is attached. A cylindrical input shaft 5 and 30 
an upper end of a torsion bar 6, which is inserted into 
the input shaft 5, are, through a first dowel pin 4, con- 
nected to the lower end of the upper shaft 2. A cylindri- 
cal output shaft 8 is, through a second dowel pin 7, 
connected to a lower end of the torsion bar 6. The upper 35 
shaft 2, the input shaft 5 and the output shaft 8 are rota- 
tively supported in a housing 12 through bearings 9a, 
9b and 9c. 

[0347] The housing 12 includes a torque detecting 
device 13 for detecting the steering torque in accord- <o 
ance with an amount of relative displacement of the 
input shaft 5 and the output shaft 8 connected to each 
other through the torsion bar 6. Moreover, the housing 
12 includes a reduction mechanism 15 for reducing the 
rotation of the electric motor 14 for assisting steering 45 
which is rotated in accordance with a detection result 
performed by the torque detecting device 13 so as to 
transmit the reduced rotation to the output shaft 8. The 
operation of the steering mechanism corresponding to 
the rotation of the steering wheel 1 is assisted by using so 
the rotation of the electric motor 14. Thus, the labor 
which must be borne by a driver who performs steering 
can be reduced. The lower end of the output shaft 8 is 
connected to a rack and pinion steering mechanism 
through a universal joint. 55 
[0348] The torque detecting device 13 comprises a 
magnetic protrusion 13c formed spirally on the circum- 
ferential surface 13a of the input shaft 5. To detect the 



position of the magnetic protrusion 13c which is moved 
in the axial direction of the input shaft 5 when the input 
shaft 5 has been rotated in a state where observation is 
performed from one rotational position, an MR sensor 
13e is disposed in parallel with the input shaft 5 such 
that a proper distance is maintained. Moreover, an MR 
sensor 13g is disposed in parallel with the input shaft 5 
at a position apart from the MR sensor 13e by 180° in 
the circumferential direction of the input shaft 5 such 
that a proper distance is maintained. The MR sensor 
13g is secured to a stationary portion of a body of an 
automobile. 

[0349] Similarly to the input shaft 5, the output shaft 
8 has a magnetic protrusion 13d formed spirally on the 
circumferential surface 13b of the output shaft 8. To 
detect the position of the protrusion 1 3d which is moved 
in the axial direction of the output shaft 8 when the out- 
put shaft 8 has been rotated in a state where observa- 
tion is performed from one rotational position, an MR 
sensor 13f is disposed in parallel with the output shaft 8 
at a position apart from the output shaft 8. An MR sen- 
sor 13e is disposed by 180° in the circumferential direc- 
tion such that a proper distance is maintained. The MR 
sensor 1 3h is secured to a stationary portion of a body 
of an automobile. 

[0350] The operation of the steering apparatus con- 
structed as described above will now be described. 
[0351] When the input shaft 5 and the output shaft 
8 are rotated without any twisting of the torsion bar 6, 
the input shaft 5, the output shaft 8 and the torsion bar 
6 are integrally rotated. 

[0352] When the input shaft 5 and the output shaft 
8 have been rotated, the protrusions 13c and 1 3d which 
are closest to the detecting surfaces of the MR sensors 
13e and 13g, 13f and I3h are moved in the axial direc- 
tion of the input shaft 5 and the output shaft 8. The pro- 
trusions 13c and 13d are spirally formed on the 
circumferential surfaces 13a and 13b of the input shaft 
5 and the output shaft 8. The positions of the protru- 
sions 13c and 13d, which are closest to the detecting 
surfaces of the MR sensors 13e, 13g, 13f and 13h, in 
the axial direction of the input shaft 5 and the output 
shaft 8 and the rotational angles of the input shaft 5 and 
the output shaft 8 can be made to correspond to each 
other. 

[0353] For example, the output voltages of the MR 
sensors 1 3e, 1 3g, 1 3f and 1 3h and the rotational angles 
of the input shaft 5 and the output shaft 8 are set to have 
a similar linear relationship. When the input shaft 5 and 
the output shaft 8 have been rotated plural times, the 
outputs of the MR sensors 13e, 13g, 13f and 13h show 
the voltage waveform having a period of 360°. In 
accordance with the output voltages of the MR sensors 
13e, 13g, 13f and 13h, the rotational angles of the input 
shaft 5 and the output shaft 8 can be detected. 
[0354] When the steering torque has been applied 
on the steering wheel 1 and the input shaft 5 and the 
output shaft 8 have been rotated such that the torsion 
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bar 6 is twisted, the output voltages of the MR sensors 
13e, 13g, 13f and 13h generate the difference in the 
voltage corresponding to the torsional angle. The output 
voltages of the MR sensors !3e, I3g, I3f and I3h are 
inputted to a signal processing unit (not shown) through 5 
corresponding output cables: Similarly to the signal 
processing unit 35 according to the sixteenth to eight- 
eenth embodiments, the signal processing unit calcu- 
lates the difference in the voltage so as to obtain the 
torsional angle so that a signal corresponding to the w 
steering torque is outputted 

(Twentieth Embodiment) 

[0355] A process for detecting breakdown of the 15 
rotational angle detecting device and the torque detect- 
ing device according to the present invention will now be 
described. 

[0356] FIG. 44 is a principle view showing an 
essential construction of the embodiment of the rota- 20 
tional angle detecting device according to the present 
invention. FIG. 45 is a diagram showing the operation of 
the rotational angle detecting device shown in FIG. 44. 
FIG. 46 is a diagram showing the operation of the rota- 
tional angle detecting device shown in FIG. 44. In this 25 
embodiment, the rotational angle detecting device is 
applied to a steering apparatus. A protrusion 22a made 
of magnetic material is spirally formed on the surface of 
an intermediate portion of a steering shaft 21 having an 
upper end to which a steering wheel 1 is connected and 30 
lower end to which a pinion gear 3 is connected. 
[0357] The rotational angle detecting device 
according to this embodiment comprises an MR sensor 
23a for detecting the position of the protrusion 22a 
which is moved in the axial direction of the steering 35 
shaft 21 when the steering shaft 21 is rotated and which 
is viewed from a position of rotation. The MR sensor 
23a is disposed in parallel with the steering shaft 21 
such that the MR sensor 23 is disposed apart from the 
steering shaft 21 for a proper distance. The MR sensor 40 
23a is secured to a stationary portion of a body of an 
automobile. Moreover, MR sensor 23b and 23c (a sec- 
ond magnetic sensor and a second detector) are pro- 
vided to detect the positions of the protrusions 22a 
which are distant from the protrusion 22a which is 45 
detected by the MR sensor 23a for a predetermined dis- 
tance. The MR sensors 23a, 23b and 23c are contained 
in one package 230 so that an integrated construction is 
formed. 

[0358] Position signals detected by the MR sensors so 
23a, 23b and 23c are supplied to the signal processing 
unit 35 so as to be used to judge breakdown. Moreover, 
a position signal detected by the MR sensor 23a is used 
to detect the rotational angle of the steering shaft 21. 
[0359] Each of the MR sensors 23a, 23b and 23c 55 
comprises a potential dividing circuit comprising, for 
example, two magnetic resistors; and a common bias- 
ing magnet disposed on the surface which does not face 
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the steering shaft 21. The biasing magnet intensifies the 
magnetic field of the surface of the steering shaft 21 in 
order to improve the sensitivity of each of the MR sen- 
sors 23a, 23b and 23c. 

[0360] The rotational angle detecting device having 
the above-mentioned construction is arranged such that 
the protrusion 22a which is closest to the detecting sur- 
face of the MR sensor 23a is moved in the axial direc- 
tion of the steering shaft 21 when the steering shaft 21 
has been rotated in a range that 0° < 0 < 360°. 
[0361] Since the protrusion 22a is spirally formed 
on the circumferential surface of the steering shaft 21, 
the position of the protrusion 22a which is closest to the 
detecting surface of the MR sensor 23a in the axial 
direction of the steering shaft 21 and the rotational 
angle of the steering shaft 21 can be made to corre- 
spond to each other. For example, the output voltage of 
the MR sensor 23a which is the position signal detected 
by the MR sensor 23a and the rotational angle of the 
steering shaft 21 have a linear relationship as shown in 
FIG. 45. Thus, the rotational angle of the steering shaft 
21 can be detected in accordance with the output volt- 
age of the MR sensor 23a. 

[0362] Similarly to the MR sensor 23a, the MR sen- 
sors 23b and 23c output position signals. Since the MR 
sensors 23b and 23c are disposed to detect the position 
of the protrusion 22a which is distant from the protru- 
sion 22a which is detected by the MR sensor 23a for a 
predetermined distance, their output voltages are differ- 
ent from each other by the voltage corresponding to the 
rotational angles 0 t and 0 2 of the steering shaft 21, as 
shown in FIG. 46. 

[0363] FIG. 47 is a flow chart showing the operation 
of the rotational angle detecting device shown in FIG. 
44. When the output voltages Va, Vb and Vc of the MR 
sensors 23a, 23b and 23c have been inputted to the sig- 
nal processing unit 35, the signal processing unit 35 
uses the voltages Vnl and Vn2 to judged whether or 
not Vnl < Vb - Vc < Vn2 and Vnl < Vc - Va < Vn2 
(S202). The voltages Vn1 and Vn2 are determined in 
accordance with the output voltages of the MR sensors 
23a, 23b and 23c corresponding to the rotational angle 
0 lf 0 2 - 81 and 360° - 0 2 of the steering shaft 21. 
[0364] When Vn1 < Vb - Vc < Vn2 and 
Vn1 < Vc-Va < Vn2 (S202), signal processing unit 
35 judges that the rotational angle 0 of the steering shaft 
21 satisfies the range 0° < 0 < and the sensors are 
free from any failure. Then, the signal processing unit 35 
again restarts the judgement (S202). 
[0365] When the relationships that 
Vn1 < Vb - Vc < Vn2 and Vn1 < Vc-Va < Vn2 are 
not satisfied (S202), the signal processing unit 35 
judges that the rotational angle 0 of the steering shaft 21 
does not satisfies the range 0° < 0 < 0<, . Thus, the signal 
processing unit 35 judges whether or not 
Vn1 < Vc - Va < Vn2 and Vnl < Va - Vb < Vn2 
(S204). When Vn1 < Vc-Va < Vn2 and 
Vn1 < Va - Vb < Vn2, the signal processing unit 35 
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judges that the rotational angle 9 of the steering shaft 21 
satisfies < 9 < 9 2 . Thus, the signal processing unit 35 
judges that the sensors are free from any failure. Thus, 
the signal processing unit 35 again restarts the judge- 
ment (S202). 5 
[0366] When the relationship that 
Vn1<Vc-Va < Vn2 and Vn1 < Va - Vb < Vn2 are 
not satisfied (S204), the signal processing unit 35 
judges that the rotational angle 9 of the steering shaft 21 
does not satisfy the range < 9 < G 2 . Thus, the signal w 
processing unit 35 judges whether or not 
Vn1 < Va - Vb < Vn2 and Vn1 < Vb - Vc < Vn2 
(S206). When Vn1 < Va - Vb < Vn2 and 
Vn1 < Vb - Vc < Vn2 , the signal processing unit 35 
judges that the rotational angle 9 of the steering shaft 21 15 
satisfies that 8 2 < 9 < 360°. Thus, the signal processing 
unit 35 judges that the sensors are free from any failure. 
Thus, the signal processing unit 35 again restarts the 
judgement (S202). 

[0367] When the relationships that 20 
Vn1 < Va-Vb < Vn2 and Vn1 < Vb - Vc < Vn2 is 
not satisfied (S206), the signal processing unit 35 deter- 
mines that the rotational angle 9 of the steering shaft 21 
does not satisfy that 9 2 < 9 < 360° , that is, the rota- 
tional angle 9 of the steering shaft 21 does not satisfy 25 
that 0° to 360°. Moreover, when the output voltages of 
the MR sensors 23a, 23b and 23c are normal, because 
that they have period of 360° as shown in FIG. 46, the 
signal processing unit 35 determines that the sensor 
encounters a failure and detects the breakdown (S208). 30 
Thus, the signal processing unit 35 interrupts detection 
of the steering angle (S21 0): 

(Twenty-First Embodiment) 

35 

[0368] FIG. 48 is a principle view showing an 
essential construction of a twenty-first embodiment of 
the torque detecting device according to the present 
invention. In this embodiment, the torque detecting 
device is applied to a steering apparatus. A magnetic 40 
protrusion 22a is spirally formed on the circumferential 
surface of an intermediate portion of an input shaft 21 a 
of a steering shaft having an upper end to which a steer- 
ing wheel 1 is connected and a lower end to which a tor- 
sion bar (connecting shaft) 6 is connected. 45 
[0369] When the input shaft 21a has been rotated, 
an MR sensor Aa is disposed in parallel with the input 
shaft 21a such that a proper distance is maintained to 
detect the magnetic protrusion 22a which is moved in 
the axial direction of the input shaft 21 a when observa- so 
tion is performed from one rotational position. The MR 
sensor 23a is secured to a stationary predetermined of 
a body of an automobile. Moreover, MR sensors Ab and 
Ac are provided to detect the position of the protrusion 
22a which is distant from the protrusion 22a which is 55 
detected by the MR sensor Aa for a predetermined dis- 
tance. The MR sensors Aa, Ab and Ac are contained in 
one package 230A so that an integrated construction is 



formed. 

[0370] An output shaft 21b of the steering shaft has 
an upper end connected to the torsion bar 6 and a lower 
end connected to a pinion gear 3. Similarly to the input 
shaft 21a, a magnetic protrusion 22a is spirally dis- 
posed on the circumferential surface of an intermediate 
portion of the output shaft 21 b. An MR sensor Ba for 
detecting the position of the protrusion 22a which is 
moved in the axial direction of the output shaft 21b 
when observation is performed from one rotational posi- 
tion is disposed in parallel with the output shaft 21b 
such that a proper distance is maintained. The MR sen- 
sor Ba is secured to a stationary portion of a body of an 
automobile. Moreover, MR sensors Bb and 8c are. dis- 
posed to detect the position of the protrusion 22a which 
is distant from the protrusion 22a which is detected by 
the MR sensor Ba for a predetermined. distance. The 
MR sensors Ba, Bb.and Be are contained in one pack- 
age 230B so that an integrated construction is formed. 
[0371] Output voltage of the MR sensor.Aa is input- 
ted to a subtraction circuit 39, while the output voltage of 
the MR sensor Ba is inputted to the subtraction circuit 
39 and an amplifier 41. Output voltage of the amplifier 
41 is outputted as a signal indicating the rotational angle 
of the steering shaft detected by the rotational angle 
detecting device comprising the output shaft 21b, the 
protrusion 22a and the MR sensor Ba. 
[0372] The torsional angle of the torsion bar 6 is at 
most several degrees. A signal indicating the rotational 
angle of the steering shaft may be outputted by the rota- 
tional angle detecting device comprising the input shaft 
21a, the protrusion 22a and the MR sensor Aa. 
[0373] Output voltage of the subtraction circuit 39 is 
inputted to an amplifier 40. Output voltage of the ampli- 
fier 40 is outputted as a signal indicating the steering 
torque applied on the steering wheel 1 detected by the 
torque detecting device. 

[0374] Position signals detected by the MR sensors 
Aa, Ab, Ac, Ba, Bb and Be are supplied to the signal 
processing unit 42 so as to be used to judge a failure. 
[0375] When the input shaft 21a and the output 
shaft 2i b of the torque detecting device constructed as 
described above rotate such that 0° < 9 m < 360° and 0° 
< 9 V < 360°, the protrusion 22a which is closest to the 
detecting surfaces of the MR sensor Aa and Ba is 
moved to the axial direction of each of the input shaft 
21 a and the output shaft 21b. Since the protrusion 22a 
is spirally formed on the circumferential surface of each 
of the input shaft 21 a and the output shaft 21b, the posi- 
tion of the protrusion 22a, which is closest to the detect- 
ing surfaces of the MR sensors Aa and Ba in the axial 
direction of each of the input shaft 21a and the output 
shaft 21b and the rotational angle of each, of the input 
shaft 21a and the output shaft 21b can be made to cor- 
respond to each other. 

[0376] FIG. 49A, FIG. 49B and FIG. 49C are dia- 
grams showing the operation of the torque detecting 
device. For example, the output voltage of each of the 
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MR sensors Aa and Ba and the rotational angle of each 
of the input shaft 21a and the output shaft 21b have a 
similar linear relationship. When the input shaft 21a and 
output shaft 21b are rotated plural times, the output of 
each of the MR sensors Aa and Ba is, as shown in FIG. 5 
49A and FIG. 49B, shows a voltage waveform having a 
period of 360°. In accordance with the output voltage of 
each of the MR sensors Aa and Ba, the rotational angle 
of each of the input shaft 21a and the output shaft 21b 
can be detected. 10 
[0377] When steering torque has been applied on 
the steering wheel 1 and, therefore, the torsion bar 6 
has a torsional angle, the output voltage of each of the 
MR sensors Aa and Ba encounters voltage difference 
corresponding to the torsional angle, for example, as 15 
shown in FIG. 49C. When the voltage difference is cal- 
culated by the subtraction circuit 39, the torsional angle 
can be obtained. A signal indicating the steering torque 
can be outputted from the amplifier 40. 
[0378] A signal indicating the rotational angle of the 20 
steering shaft which has been detected by the rotational 
angle detecting device comprising the output shaft 21b, 
the magnetic protrusion 22a and the MR sensor Ba can 
be outputted from the amplifier 41 . 

[0379] The signal processing unit 42 is supplied 25 
with the detection signal detected by the MR sensors 
Aa, Ab, Ac, Ba, Bb and Be to judge a failure for each of 
sets which is a set consisting of the MR sensors Aa, Ab 
and Ac and a set consisting of the MR sensors Ba, Bb 
and Be. The operation for judging a failure which is per- 30 
formed by the signal processing unit 42 is similar to the 
operation (see FIG. 46 and FIG. 47) forjudging a failure 
of the MR sensors 23a, 23b and 23c which is performed 
by the signal processing unit 35. Therefore, the opera- 
tion is omitted from description. 35 

(Twenty-Second Embodiment) 

[0380] FIG. 50 is a vertical cross sectional view 
showing an essential construction of a twenty-second 40 
embodiment of a steering apparatus according to the 
present invention. The steering apparatus according to 
this embodiment comprises an upper shaft 2 which is 
attached to the upper end thereof and to which a steer- 
ing wheel 1 is attached. A cylindrical input shaft 5 and 45 
an upper end of a torsion bar (a connecting shaft) 6 
which is inserted into the input shaft 5 through the first 
dowel pin 4 are connected to the lower end of the upper 
shaft 2. A cylindrical output shaft 8 is, through a second 
dowel pin 7, connected to a lower end of the torsion bar 50 
6. The upper shaft 2, the input shaft 5 and the output 
shaft 8 are rotatively supported in a housing 12 through 
bearings 9a, 9b and 9c. 

[0381] The housing 12 includes a torque detecting 
device 13 for detecting the steering torque in accord- 55 
ance with an amount of relative displacement of the 
input shaft 5 and the output shaft 8 connected to each 
other through the torsion bar 6. Moreover, the housing 



12 includes a reduction mechanism 15 for reducing the 
rotation of the electric motor 14 for assisting steering 
which is rotated in accordance with a detection result 
performed by the torque detecting device 13 so as to 
transmit the reduced rotation to the output shaft 8. The 
operation of the steering mechanism corresponding to 
the rotation of the steering wheel 1 is assisted by using 
the rotation of the electric motor 14. Thus, the labor 
which must be borne by a driver who performs steering 
can be reduced. The lower end of the output shaft 8 is 
connected to a rack and pinion steering mechanism 
through a universal joint. 

[0382] The torque detecting device 13 comprises a 
magnetic protrusion 13c formed spirally on the circum- 
ferential surface 13a of the input shaft 5. To detect the 
position of the magnetic protrusion 1 3c which is moved 
in the axial direction of the input shaft 5 when the input 
shaft 5 has been rotated in a state where observation is 
performed from one rotational position, an MR sensor 
13ea is disposed in parallel with the input shaft 5 such 
that a proper distance is maintained. The MR sensor 
13ea is secured to a stationary portion of a body of an 
automobile. Moreover, MR sensors 13eb and 14ec are 
disposed to detect the position of the protrusion 13c, for 
a predetermined distance, distant from the protrusion 
13c which is detected by the MR sensor 13ea. The MR 
sensors 13ea, 13eb and 13ec are contained in one 
package 130e so that an integrated construction is 
formed. 

[0383] Similarly to the input shaft 5, the output shaft 
8 has a magnetic protrusion 13d formed spirally on the 
circumferential surface 13b of the output shaft 8. To 
detect the position of the protrusion 13d which is moved 
in the axial direction of the output shaft 8 when the out- 
put shaft 8 has been rotated in a state where observa- 
tion is performed from one rotational position, an MR 
sensor 13fa is disposed in parallel with the output shaft 
8 such that a proper distance is maintained. The MR 
sensor 1 3fa is secured to a stationary portion of a body 
of an automobile. 

[0384] Moreover, MR sensors 13fb and 13fc are 
disposed to detect the position of the protrusion 13d dis- 
tant from the protrusion 13d, which is detected by the 
MR sensor 13fa, for a predetermined distance. The MR 
sensors 13fa, 13fb and 13fc are contained in one pack- 
age 130f so that an integrated construction is formed. 
[0385] The position signals detected by the MR 
sensors 13ea, 13eb, 13ec, I3fa, 13fb and 13fc are sup- 
plied to a signal processing unit (not shown) so as to be 
used to judge a failure. 

[0386] The operation of the steering apparatus con- 
structed as described above will now be described. 
[0387] When the input shaft 5 and the output shaft 
8 are rotated without any twisting of the torsion bar 6, 
the input shaft 5, the output shaft 8 and the torsion bar 
6 are integrally rotated. 

[0388] When the input shaft 5 and the output shaft 
8 have been rotated, the protrusions 13c and 13d which 
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are closest to the detecting surfaces of the MR sensors 
13ea and 13fa are moved in the axial direction of the 
input shaft 5 and the output shaft 8. The protrusions 1 3c 
and 13d are spirally formed on the circumferential sur- 
faces 13a and 13b of the input shaft 5 and the output 5 
shaft 8. The positions of the magnetic protrusions 13c 
and 13d, which are closest to the detecting surfaces of 
the MR sensors 13ea and 13fa, in the axial direction of 
the input shaft 5 and the output shaft 8 and the rota- 
tional angles of the input shaft 5 and the output shaft 8 10 
can be made to correspond to each other. 
[0389] For example, the output voltages of the MR 
sensors 13ea and 13fa and the rotational angles of the 
input shaft 5 and the output shaft 8 are set to have a 
similar linear relationship. When the input shaft 5 and 75 
the output shaft 8 have been rotated plural times, the 
outputs of the M R sensors 1 3ea and 1 3fa show the volt- 
age waveform having a period of 360° as shown in FIG. 
49A and FIG. 49B. In accordance with the output volt- 
ages of the MR sensors 13ea and 13fa, the rotational 20 
angles of the input shaft 5 and the output shaft 8 can be 
detected. 

[0390] When the steering torque has been applied 
on the steering wheel 1 and the input shaft 5 and the 
output shaft 8 have been rotated such that the torsion 25 
bar 6 is twisted, the output voltages of the MR sensors 
13ea and 13fa generate the difference in the voltage 
corresponding to the torsional angle as shown in FIG. 
49C. The output voltages of the MR sensors 13ea and 
13fa are inputted to a subtraction circuit (not shown) 30 
through corresponding output cables. The subtraction 
circuit calculates the difference in the voltage so as to 
obtain the torsional angle so that a signal corresponding 
to the steering torque is outputted. . 

[0391] The MR sensor 13fa is able to output a sig- 35 
nal indicating the rotational angle of the steering wheel 
1 detected by the rotational angle detecting device com- 
prising the output shaft 8, the magnetic protrusion 1 3d 
and the MR sensor I3fa. 

[0392] The signal corresponding to the steering 40 
torque and the signal indicating the rotational angle of 
the steering wheel 1 are supplied to a control unit (not 
shown). The control unit controls the rotation of the 
electric motor 14 in response to each of the supplied 
signals. 45 
[0393] A signal processing unit (not shown) is sup- 
plied with the position signals detected by the MR sen- 
sor 13ea. 13eb, 13ec, 13fa, 13fb and 13fc to judge a 
failure of each of a set consisting of the MR sensor 
13ea. 13eb and 14ec and a set consisting of the MR so 
sensors 13fa, 13fb and 13fc. The operation forjudging a 
failure is similar to the operation (see FIG. 46 and FIG. 
47) for the MR sensors 23a, 23b and 23c which is per- 
formed by the signal processing unit 35 according to the 
twentieth embodiment. Therefore, the operation is omit- 55 
ted from description. 

[0394] In the twentieth to twenty-second embodi- 
ments, the protrusion 22a is required to be a portion 



which is magnetically discontinuous. For example, any 
one of the foregoing construction may be employed: a 
groove provided for magnetic material; a magnetic pro- 
trusion provided for a non.-magnetic member or a pro- 
trusion provided for a magnetic member and made of a 
non-magnetic material. As an alternative to the MR sen- 
sor, a Hall element may be employed. 

(Twenty-Third Embodiment) 

[0395] FIG. 51 is a principle view showing an 
essential construction of a twenty-third embodiment of 
the torque detecting device according to the present 
invention. In this embodiment, the torque detecting 
device is applied to a steering apparatus. A magnetic 
protrusion 22a is spirally formed on the circumferential 
surface of an intermediate portion of an input shaft 21a 
of a steering shaft having an upper end to which a steer- 
ing wheel 1 is connected and a lower end to which a tor- 
sion bar (a connecting shaft) is connected. 
[0396] To detect the position of the protrusion 22a, 
which is moved in the axial direction of the input shaft 
21a. when observation is performed from one rotational 
position, an MR sensor 23a is disposed in parallel with 
the input shaft 21 a such that a proper distance is main- 
tained. The MR sensor 23a is secured to a stationary 
portion of a body of an automobile. 
[0397] To detect a position which is different from 
the position which is detected by the MR sensor 23a by 
180° in the circumferential direction of the input shaft 
21a, an MR sensor 24a is disposed in parallel with the 
input shaft 21a such that a proper distance is main- 
tained. The MR sensor 24a is secured to a stationary 
portion of a body of an automobile. 
[0398] The upper end of the output shaft 21b of the 
steering shaft is connected to the torsion bar 6 and the 
lower end of the same is connected to the pinion gear 3. 
Similarly to the input shaft 21a, a magnetic protrusion 
22a is spirally formed on the circumferential surface of 
an intermediate portion of the output shaft 21b. To 
detect the position of the protrusion 22a which is moved 
in the axial direction of the output shaft 21b when the 
output shaft 21b has been rotated in a state where 
observation is performed from one rotational position, 
an MR sensor 23b is disposed in parallel with the output 
shaft 21 b such that a proper distance is maintained. The 
MR sensor 23b is secured to a stationary portion of a 
body of an automobile. 

[0399] To detect the position which is different from 
the position which is detected by the MR sensor 23b by 
180° in the circumferential surface of the output shaft 
21b, an MR sensor 24b is disposed in parallel with the 
output shaft 21b such that a proper distance is main- 
tained. The MR sensor 24b is secured to a stationary 
portion of a body of an automobile. 
[0400] When no torque is generated by the input 
shaft 21a and the output shaft 21 b (when the torsion bar 
6 is free from twisting), the MR sensors 23a, 24a, 23b 
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and 24b are brought to a state such that the output volt- 
ages of the MR sensors 23a and 23b are the same. 
Moreover, the output voltages of the MR sensors 24a 
and 24b are the same. 

[0401] Each of the MR sensors 23a, 24a, 23b and 5 
24b comprises a potential dividing circuit comprising, for 
example, two magnetic resistors; and a biasing magnet 
provided for the side which does not face the steering 
shaft. The biasing magnet enlarges change in the mag- 
netic field owing to the magnetic protrusion 22a. Thus, w 
the magnetic field of the surface of the steering shaft is 
intensified in order to improve the sensitivity of the MR 
sensors 23a, 24a, 23b and 24b. 

[0402] Output voltage of each of the MR sensors 
23a, 24a, 23b and 24b is inputted to a signal processing 75 
unit 35. Output voltage of the signal processing unit 35 
is outputted as a signal indicating the steering torque 
applied on the steering wheel 1 detected by the torque 
detecting device. 

[0403] The operation of the torque detecting device 20 
having the above-mentioned construction will now be 
described with reference to a flow chart shown in FIG. 
52 to FIG. 59. 

[0404] FIG. 52 through FIG. 59 show a flow chart of 
the operation of the torque detecting device shown in 25 
FIG. 51. The torque detecting device is arranged such 
that the protrusions 22b which is closest to the detecting 
surfaces of the MR sensors 23a, 24a, 23b and 24b is 
moved in the axial direction of the input shaft 21a and 
the output shaft 21b when the input shaft 21a and the 30 
output shaft 21b rotate in a range that 0° < 8 < 360°. 
Since the protrusion 22a is formed spirally on the cir- 
cumferential surfaces of the input shaft 21a and the out- 
put shaft 21b, the position of the protrusions 22b which 
is closest to the detecting surfaces of the MR sensors 35 
23a, 24a, 23b and 24b in the axial direction of the input 
shaft 21 a and the output shaft 21b and the rotational 
angle of the input shaft 21 a and the output shaft 21 b can 
be made to correspond to each other. 

[0405] When steering torque is applied on the 40 
steering wheel 1 causing a torsional angle to be gener- 
ated in the torsion bar 6, the output voltage of each of 
the MR sensors 23a and 23b generate the difference in 
the voltage corresponding to the torsional angle. Also 
the output voltage of the MR sensors 24a and 24b gen- 45 
erate the difference in the voltage corresponding to the 
torsional angle. The difference in the voltage is calcu- 
lated by the signal processing unit 35 so that the tor- 
sional angle is obtained. Thus, a signal indicating the 
steering torque can be outputted. so 
[0406] Initially, the signal processing unit 35 per- 
forms analog to digital conversion of the output voltages 
MR 23a, MR 24a, MR 23b and MR 24b of the MR sen- 
sors 23a, 24a, 23b and 24b (S302). 

[0407] FIG. 60A, FIG. 60B and FIG. 61 are dia- 55 
grams showing the operation of the torque detecting 
device shown in FIG. 51. As shown in FIG. 60A, the sig- 
nal processing unit 35 has set upper and lower switch- 



ing levels LIMH and LIML in such a manner that the 
output voltages MR 23a and MR 24a (MR 23b and MR 
24b) can be switched in a portion in which effective data 
portions (the straight line portion) of the output voltages 
MR 23a and MR 24a (MR 23b and MR 24b) of the MR 
sensors 23a and 24a (23b and 24b) overlap. An 
assumption is made that effective data portions (the 
straight line portion) of the output voltages MR 23a and 
MR 24a (MR 23b and MR 24b) are in parallel with each 
other. 

[0408] Then, the signal processing unit 35 judges 
whether or not any one of the MR sensors 23a, 24a, 23b 
and 24b has encountered a failure (for example, discon- 
nection). When disconnection occurred in any one of 
the MR sensors 23a, 24a, 23b and 24b, the signal 
processing unit 35 performs a disconnection processing 
for recovering disconnection (S303). At performing the 
disconnection processing, at first, the signal processing 
unit 35 judges whether or not disconnection occurred 
any one of MR sensors 23a, 24a, 23b and 24b in 
accordance with a fact, for example, that any one of the 
output voltages MR 23a, MR 24a, MR 23b and MR 24b 
is higher than a predetermined value (FIG. 55: S442). 
[0409] When no disconnection occurs (S444) as a 
result of the judgement (S442) whether or not discon- 
nection has occurred in any one of the MR sensors 23a, 
24a, 23b and 24b, the operation is returned. 
[0410] When disconnection has occurred (S444), a 
pair is selected from a pair consisting of the MR sensors 
23a and 23b and a pair consisting of the MR sensors 
24a and 24b which does not include the disconnected 
MR sensor. Thus, the output voltages of the MR sensor 
in the pair (same phase data) is determined as data for 
use to detect the torque (S446). 

[0411] Then, the signal processing unit 35 checks 
whether or not the output voltage determined as data 
(S446) is not a "sag portion" as shown in FIG. 60A and, 
therefore, it can be used to detect the torque (S448). 
[0412] When the checking is made (S448), the sig- 
nal processing unit 35 judges whether or not the discon- 
nected MR sensor is a sensor corresponding to the 
input shaft 21 a and the generated output voltage is MR 
23a or MR 24a (FIG. 56: S558). When the output volt- 
age is MR 23a or MR 24a, a judgement is made 
whether or not the output voltage MR 23b of the MR 
sensor 23b for the output shaft 21b is higher than the 
level LIMH or whether or not the output voltage MR 23b 
is lower than the level LIML (S560). When either condi- 
tion is satisfied, the MR sensor 24b is determined as the 
MR sensor for detecting the angle for checking whether 
or not the determined (FIG. 55: S446) output voltage 
can be used to detect the torque. Then, the output volt- 
age of the MR sensor 24b is determined as the output 
voltage MR 24b (S562). 

[0413] Then, the signal processing unit 35 judges 
whether or not the output voltage MR 23b is higher than 
the output voltage MR 24b (S564). When the output 
voltage MR 23b is higher as shown in FIG. 61 , the pre- 
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determined voltage level T is added to the determined 
(S562) output voltage MR 24b to obtain the voltage indi- 
cating the detected angle (S566). When the output volt- 
age MR 23b is lower as shown in FIG. 61, the voltage 
level T is subtracted from the determined (S562) output 5 
voltage MR 24b to perform correction so that the voltage 
indicating the detected angle is obtained (S586). 
[0414] When the MR sensor for detecting the angle 
. is the MR sensor 24b or MR sensor 24a, their output 
characteristics are different from those of the MR sen- w 
sors 23b and 23a by the voltage level T corresponding 
to the difference (180° in the circumferential direction of 
the input shaft 21 a and the output shaft 21 b) in the posi- 
tion which must be detected. Therefore, the output volt- 
age 24b is corrected in accordance with the relationship 15 
between the level of the output voltage MR 23b and that 
of the output voltage MR 24b. 

[0415] The signal processing unit 35 judges 
whether or not the output voltage MR 23b of the MR 
sensor 23b is higher than the level LIMH or whether or 20 
not the output voltage MR 23b is lower than the level 
LIML (S560). When either condition is not satisfied, 
whether or not the output voltage MR 24b of the MR 
sensor 24b is higher than the level LIMH or whether or 
not the output voltage MR 24b is lower than the level 25 
LIML is judged (S572). When either condition is satis- 
fied, the MR sensor 23b is determined as the MR sen- 
sor for detecting the angle. Moreover, the output voltage 
of the MR sensor 23b is determined as the output volt- 
age MR 23b (S574) so that the output voltage MR 23b 30 
is employed as the voltage indicating the detected angle 
(S576). 

[0416] The signal processing unit 35 judges 
whether or not the output voltage MR 24b of the MR 
sensor 24b is higher than the level LIMH or whether or 35 
not the output voltage MR 24b is lower than the level 
LIML (S572). When either condition is not satisfied, a 
judgement is made whether or not the MR sensor for 
use in the previous cycle for detecting the torque is the 
MR sensor 23b (FIG. 57: S578). When the MR sensor 40 
23b is used in the previous cycle, the MR sensor 23b is 
determined as the MR sensor for detecting the angle 
and the output voltage of the MR sensor 23b is deter- 
mined as the output voltage MR 23b (FIG. 56: S574). 
[0417] As described above, the signal processing 45 
unit 35 judges whether or not the MR sensor for use in 
the previous cycle for detecting the torque is the MR 
sensor 23b (FIG. 57: S578). When the MR sensor 23b 
is not used in the previous cycle, the signal processing 
unit 35 judges whether or not the MR sensor for use in so 
the previous cycle for detecting the torque is the MR 
sensor 24b (FIG. 57: S580). When the MR sensor 24b 
is used in previous cycle, the MR sensor 24b is deter- 
mined as the MR sensor for detecting the angle. More- 
over, the output of the MR sensor 24b is determined as 55 
the output voltage MR 24b (FIG. 56: S562). 
[0418] When the voltage indicating the detected 
angle has been determined (S576, S566 and S586), the 



signal processing unit 35 judges whether or not the 
detected angle is present in a range (a second range) 
which is not the "sag portion* in the output voltage of the 
MR sensor determined (FIG. 55: S446) as data for use 
to detect the torque (S568). When the angle is included 
in the range, the signal processing unit 35 judges that 
the determined (S446) output voltage can be used to 
detect the torque (S570). Then, the operation is 
returned. 

[0419] When the signal processing unit 35 has 
judged that the detected angle is not included in the 
"sag portion*, the signal processing unit 35 judges that 
the determined (FIG. 55: S446) output voltage cannot 
be used to detect the torque (S582). Then, no MR sen- 
sor for detecting the angle is determined (S584). Then, 
the operation is returned. 

[0420] As described above, the signal processing 
unit 35 judges whether or not the MR sensor for use in 
the previous cycle for detecting the torque is the MR 
sensor 24b (FIG. 57: S580). When the previous MR 
sensor is not the MR sensor 24b, any sensor cannot be 
determined as the MR sensor which can be used to 
detect the angle. Therefore, whether or not the judged 
(FIG. 55: S446) output voltage can be used to detect the 
torque cannot be checked. Therefore, the signal 
processing unit 35 judges that the determined (S446) 
output voltage cannot be used to detect the torque 
(S582). Then, the signal processing unit 35 does not 
determine any MR sensor for use in detecting the angle 
(S584). Then, the operation is returned. 
[0421] The signal processing unit 35 judges 
whether or not the disconnected MR sensor is the sen- 
sor for the input shaft 21 a and whether or not the output 
voltage of the disconnected is MR 23a or MR 24a (FIG. 
56: S568). When the output- voltage is MR 23a or MR 
24a, the signal processing unit 35 judges whether or not 
the output voltage MR 23a of the MR sensor 23a for the 
input shaft 21 a is higher than the level LIMH or whether 
or not the output voltage MR 23a is lower than the level 
LIML (FIG. 58: S588). When either condition is satisfied, 
the signal processing unit 35 determines the MR sensor 
24a as the MR sensor for detecting the angle to judge 
that the determined (FIG. 55: S446) output voltage can 
be used to detect the torque. Then, the output of the MR 
sensor 24a is determined as the output voltage MR 24a 
(FIG. 58: S590). 

[0422] Then, the signal processing unit 35 judges 
whether or not the output voltage MR 23a is higher than 
the output voltage MR 24a (S592). When the output 
voltage MR 23a is higher as shown in FIG. 61 . the pre- 
determined voltage level T is added to the determined 
(S590) output voltage MR 24a to perform correction. 
Moreover, the corrected voltage is employed as the volt- 
age indicating the detected angle (S594). When the out- 
put voltage MR 23a is lower as shown in FIG. 61, the 
voltage level T is subtracted from the determined (S590) 
output voltage MR 24a to perform correction. The cor- 
rected voltage is employed as the voltage indicating the 
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detected angle (S614). 

[0423] When the MR sensor for detecting the angle 
is the MR sensor 24b or the MR sensor 24a. The output 
characteristics of the foregoing MR sensor is different 
from those of the MR sensors 23b and 23a which must 5 
be used to detect the angle by the voltage level T corre- 
sponding to the difference (180° in the circumferential 
direction of the input shaft 21a and output shaft 21b) 
which must be detected. Therefore, the output voltage 
MR 24a is corrected in accordance with the relationship w 
between the level of the output voltage MR 23a and the 
output voltage MR 24a. 

[0424] The signal processing unit 35 judges 
whether or not the output voltage MR 23a of the MR 
sensor 23a is higher than the level LIMH or whether or 75 
not the output voltage MR 23a is lower than the level 
LIML (S588). When either condition is not satisfied, the 
signal processing unit 35 judges whether or not the out- 
put voltage MR 24a of the MR sensor 24a is higher than 
the level LIMH or whether or not the output voltage MR 20 
24a is lower than the level LIML (S600). When either 
condition is satisfied, the MR sensor 23a is determined 
as the MR sensor for detecting the angle. Moreover, the 
output of the MR sensor 23a is determined as the out- 
put voltage MR 23a (S602). Then, the foregoing voltage 25 
is employed as the voltage indicating the detected angle 
(S604). 

[0425] The signal processing unit 35 judges 
whether or not the output voltage MR 24a of the MR 
sensor 24a is higher than the level LIMH or whether or 30 
not the output voltage MR 24a is lower than the level 
LIML (S600). When either condition is not satisfied, the 
signal processing unit 35 judges whether or not the MR 
sensor for use in the previous cycle for detecting the 
angle is the MR sensor 23a (FIG. 59: S606). When the 35 
previous MR sensor is the MR sensor 23a, the signal 
processing unit 35 determines that the MR sensor 23a 
is the MR sensor for detecting the angle. Moreover, the 
output of the MR sensor 23a is determined as the out- 
put voltage MR 23a (FIG. 58: S602). ao 
[0426] The signal processing unit 35 judges 
whether or not the MR sensor for use in the previous 
cycle for detecting the angle is the MR sensor 23a (FIG. 
59: S606). When the MR sensor is not the MR sensor 
23a, the signal processing unit 35 judges whether or not 45 
the MR sensor for use in the previous cycle for detecting 
the angle is the MR sensor 24a (S608). When the previ- 
ous MR sensor is the MR sensor 24a, the signal 
processing unit 35 determines that the MR sensor 24a 
is the MR sensor for detecting the angle. Moreover, the so 
output of the MR sensor 24a is employed as the output 
voltage MR 24a (FIG. 58: S590). 
[0427] After the voltage indicating the detected 
angle has been determined (S604, S594 and S614), the 
signal processing unit 35 judges whether or not the 55 
detected angle is included in a range (a second range) 
which is not the "sag portion" in the output voltage of the 
MR sensor determined (S446) as data for use to detect 



the torque (S596). When the angle is included in the 
foregoing range, the signal processing unit 35 judges 
that the determined (FIG. 55: S446) output voltage can 
be used to detect the torque (FIG. 58: S598). Then, the 
operation is returned. 

[0428] When the signal processing unit 35 has 
judged that the detected angle is not included in the 
"sag portion" (S596), the signal processing unit 35 
judges that the determined (S446) output voltage can 
be used to detect the torque (S610). Thus, the signal 
processing unit 35 does not determine any MR sensor 
for detecting the angle (S612). Then, the operation is 
returned. 

[0429] The signal processing unit 35 judges 
whether or not the MR sensor for use in the previous 
cycle for detecting the angle is the MR sensor 24a (FIG. 
59: S608). When the previous MR sensor is not the MR 
sensor 24a, the MR sensor which can be used to detect 
the angle cannot be determined. Therefore, whether or 
not the determined (FIG. 55: S446) output voltage can 
be used to detect torque cannot be determine. There- 
fore, the signal processing unit 35 determines that the 
determined (S446) output voltage cannot be used to 
detect torque (FIG. 58: S61 0). Thus, the signal process- 
ing unit. 35 does not determine the MR sensor for 
detecting the torque (S612). Then, the operation is 
returned. 

[0430] The signal processing unit 35 checks the 
determined (FIG. 55: S446) output voltage (S448). 
When the output voltage cannot be used to detect 
torque (S450), the operation is returned to a process for 
judging (S442) whether or not any one of the MR sen- 
sors 23a, 24a, 23b and 24b is disconnected (S442). 
[0431] The signal processing unit 35 checks the 
determined (S446) output voltage (S448). When the 
output voltage can be used to detect torque (S450), the 
output voltage for the output shaft is subtracted from the 
determined (S446) output voltage for the input shaft to 
calculate the voltage level indicating the torque applied 
on the input shaft 21a (S452). 

[0432] Then, the signal processing unit 35 judges 
whether or not the calculated (S452) torque is lower 
than the predetermined maximum torque (S454). When 
the calculated torque is larger than the maximum 
torque, the signal processing unit 35 judges that the cal- 
culated torque is an abnormal value and generates no 
output. Then, the operation is returned to the process 
forjudging whether or not the MR sensors 23a, 23b, 24a 
and 24b is disconnected (S442). 
[0433] When the corrected (S452) torque is not 
large than the maximum torque (S454), the signal 
processing unit 35 outputs the calculated torque (S456). 
Then, the operation is returned to the process forjudg- 
ing whether or not the MR sensors 23a, 23b, 24a and 
24b is disconnected (S442). 

[0434] The signal processing unit 35 judges 
whether or not any one of the M R sensors 23a, 24a, 23b 
and 24b is disconnected (FIG. 55: S442). When no dis- 
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connection take place (S444) and, therefore, the opera- 
tion is returned, the signal processing unit 35 judges 
whether or not the output voltage MR 23a of the MR 
sensor 23a is higher than the level LIMH or whether or 
not the output voltage MR 23a is lower than the level 
LIML (FIG. 52: S304). When either contrition is satis- 
fied, the MR sensor 24a is determined as the MR sen- 
sor for detecting torque (S306) for the input shaft 21a. 
Moreover, the output of the MR sensor 24a is stored as 
the output voltage MR 24a (S308). 
[0435] The signal processing unit 35 judges 
whether or not the output voltage MR 23a of the MR 
sensor 23a is higher than the level LIMH or whether or 
not the output voltage MR 23a is lower than the level 
LIML (S304). .When either condition is not satisfied, the 
signal processing unit 35 judges whether or not the out- 
put voltage MR 24a of the MR sensor 24a is higher than 
the level LIMH or whether or not the output voltage MR 
24a is lower than the level LIML (S310). When either 
condition is satisfied, the MR sensor 23a is determined 
as the MR sensor for detecting torque (S3 12) for the 
input shaft 21a. Moreover, the output of the MR sensor 
23a is stored as the output voltage MR 23a (S314). 
[0436] The signal processing unit 35 judges 
whether or not the output voltage MR 24a of the MR 
sensor 24a is higher than the level LIMH or whether or 
not the output voltage MR 24a is lower than the level 
LIML (S310). When either condition is not satisfied, the 
signal processing unit 35 judges whether or not the MR 
sensor for the input shaft 21a for use in the previous 
cycle for detecting the torque is the MR sensor 23a 
(S31 1 ). When the previous MR sensor is the MR sensor 
23a, the signal processing unit 35 determines the MR 
sensor 23a as the MR sensor for detecting the torque 
for the input shaft 21 a (S312). 

[0437] The signal processing unit 35 judges 
whether or not the MR sensor for the input shaft 21 a for 
use in the previous cycle for detecting the torque is the 
MR sensor 23a (S311). When the previous MR sensor 
is not the MR sensor 23a, the signal processing unit 35 
judges whether or not the MR sensor for the input shaft 
21 a for use in the previous cycle for detecting the torque 
is the MR sensor 24a (S313). When the previous MR 
sensor is the MR sensor 24a, the signal processing unit 
35 determines that the MR sensor 24a as the MR sen- 
sor for detecting the torque for the input shaft 21a 
(S306). 

[0438] When the output voltage MR 24a is deter- 
mined as the output of the MR sensor for detecting the 
torque for the input shaft 21 a (S308) or when the output 
voltage MR 23a is determined as the output of the MR 
sensor for detecting the torque of the input shaft 21a 
(S314), the signal processing unit 35 judges whether or 
not the output voltage MR 23b of the MR sensor 23b is 
higher than the level LIMH or whether or not the output 
voltage MR 23b is lower than the level LIML (FIG. 53: 
S316). When either condition is satisfied, the MR sen- 
sor 24b is determined as the MR sensor for detecting 



the torque for the output shaft 21b (S318). Moreover, 
the output is stored as the output voltage MR 24b 
(S320). 

[0439] The signal processing unit 35 judges 

5 whether or not the output voltage MR 23b of the MR 
sensor 23b is higher than the level LIMH or whether or. 
not the output voltage MR 23b is lower than the level 
LIML (S316). When either condition is satisfied, the sig- 
nal processing unit 35 judges whether or not the output 

w voltage MR 24b of the MR sensor 24b is higher than the 
level LIMH or whether or not the output voltage MR 24b 
is lower than the level LIML (S322). When either condi- 
tion is satisfied, the MR sensor 23b is determined as the 
MR sensor for detecting the torque for the output shaft 

15. 21b (S324). Then, the output of the foregoing MR sen- 
sor is stored as the output voltage MR 23b (S326). 
[0440] The signal processing unit 35 judges 
whether or not the output voltage MR 24b of the MR 
sensor 24b. is higher than the level LIMH or whether or 

20 not the output voltage MR 24a is lower than the level 
LIML (S322). When either condition is not satisfied, the 
signal processing unit 35 judges whether or not the MR 
sensor for the output shaft 21b for use in the previous 
cycle for detecting the torque is the MR sensor 23b 

25 (S323). When the previous MR sensor is the MR sensor 
23b, the signal processing unit 35 determines the MR 
sensor 23b as the MR sensor for detecting the torque 
for the output shaft 21b (S324): 

[0441] The signal processing unit 35 judges 
30 whether or not the MR sensor for the output shaft 21b 
for use in the previous cycle for detecting the torque is 
the MR sensor 23b (S323). When the previous MR sen- 
sor is not the MR sensor 23b, the signal processing unit 
35 judges whether or not the MR sensor for the output 
35 shaft 21 b for use in the previous cycle for detecting the 
torque is the MR sensor 24b (S325). When the previous 
MR sensor is the MR sensor 24b, the signal processing 
unit 35 determines that the MR sensor 24b is the MR 
sensor for detecting the torque for the output shaft 21b 
40 (S3 18). 

[0442] Then, the signal processing unit 35 judges 
whether or not the MR sensor for the input shaft 21 a for 
detecting torque has not been determines (sensor 1 * 
23a n sensor 1 * 24a) or whether or not the MR sensor 
45 for detecting the torque for the output shaft 21b has not 
been determined (sensor 2 * 23b o sensor 2 ^ 24b) 
(FIG. 54: S528). When a result of the judgment is such 
that either or both of the MR sensors have not been 
determined {(sensor 1 * 23a r\ sensor 1 * 24a) *u (sen- 
se sor 2 * 23b r\ sensor 2 * 24b)}, the signal processing 
unit 35 outputs a signal such that the detected torque is 
zero. 

[0443] The foregoing case is such that the MR sen- 
sor which has outputted the output voltage higher than 
55 the level LIMH or lower than the level LIML does not 
exist for the input shaft 21a and/or output shaft 21b 
(S304, S310, S316 and S322). Moreover, the MR sen- 
sor which has been used in the previous cycle for 
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detecting the torque is not present (S3 13 and S325). 
Thus, the MR sensor for detecting the torque cannot be 
determined. 

[0444] When an MR sensor which has outputted 
the output voltage higher than the level LIMH or the out- 5 
put voltage lower than the level LIML is present, the 
other MR sensor can be determined as the MR sensor 
for detecting the torque as shown in FIG. 60A. When 
any MR sensor which has outputted the output voltage 
higher than the level LIMH or lower than the level LIML w 
is not present, in the case where an MR sensor for use 
in the previous cycle for detecting the torque is present 
(S311, S313, S323 and S325), the MR sensor can be 
continuously used to detect the torque. 
[0445] When the MR sensor for detecting the is 
torque for the input shaft 21a and the MR sensor for 
detecting the torque for the output shaft 21b have been 
determined {(sensor 1 = 23a \j sensor 1 = 24a) r\ (sen- 
sor 2 = 23b kj sensor 2 = 24b)}, the signal processing 
unit 35 calculates "the torque = the output voltage of.the 20 
MR sensor for the input shaft - the output voltage of the 
MR sensor for the output shaft" (S330). 
[0446] Then, the signal processing unit 35 judges 
whether or not the MR sensor for detecting the torque is 
such that the MR sensor for the input shaft 21a is the 25 
MR sensor 23a and the MR sensor for the output shaft 
21 b is the MR sensor 23b or whether or not the MR sen- 
sor for the input shaft 21 a is the MR sensor 24a and the 
MR sensor for the output shaft 21b is the MR sensor 
24b (S332). When either condition is satisfied, that is, in 30 
the case where all of the MR sensors for detecting the 
torque are present on the same side with respect to the 
input shaft 21 a and the output shaft 21b and, therefore, 
the MR sensors have the same output characteristics, 
the torque which is detected is expressed as deviation 35 
of the output characteristics. Therefore, correction of the 
torque is not required. Thus, the signal processing unit 
35 outputs the calculated torque (S330) as the detected 
torque. 

[0447] When the judgement performed by the sig- 40 
nal processing unit 35 (S332) results in a fact that either 
condition is not satisfied, that is, in the case where the 
MR sensor for detecting the torque is the MR sensor 
23a for the input shaft 21a and the MR sensor 24b for 
the output shaft 21b or in the case where the MR sensor 45 
24a is the MR sensor for the input shaft 21 a and the MR 
sensor 23b is the MR sensor for the output shaft 21b 
(S332), the signal processing unit 35 judges whether or 
not the output voltage of the MR sensor for the input 
shaft 21a is higher than the output voltage of the MR so 
sensor for the output shaft 21b (S334). When the output 
voltage for the input shaft 21 a is higher than that for the 
output shaft 21 b, a predetermined voltage level T is sub- 
tracted from the calculated torque (S330) to correct the 
torque (S336). Then, the signal processing unit 35 out- 55 
puts the corrected torque as the detected torque. 
[0448] The signal processing unit 35 judges 
whether or not the output voltage of the MR sensor for 



the input shaft 21 a is higher tan the output voltage of the 
MR sensor for the output shaft 21b (S334). When the 
output voltage for the output shaft 21 b is higher, the pre- 
determined voltage level T is added to the calculated 
torque (S330) to correct the torque (S340). The signal 
processing unit 35 outputs the corrected torque as the 
detected torque. 

[0449] When the two MR sensors for use in detect- 
ing the torque are present on the different sides with 
respect to the input shaft 21 a and the output shaft 21b 
(S332), their output characteristics are different from 
each other by the voltage level T corresponding to the 
difference in the position which must be detected (180° 
in the circumferential direction of the input shaft 21 a and 
the output shaft 21 b) as show in FIG. 60B. 
[0450] Therefore, when the output voltage of the 
MR sensor forthe input shaft 21a is higher than the out- 
put voltage of the MR sensor for the output shaft 21b 
(S334), the MR sensor for the input shaft 21a is the MR 
sensor 23a and the MR sensor for the output shaft 21 b 
is the MR sensor 24b as shown in FIG. 60B. Therefore, 
the voltage level T is added to the output voltage MR 
24b of the MR sensor 24b so that conversion into the 
output voltage MR 23b of the MR sensor 23b is per- 
formed so that the correction of the torque is performed 
(S336). 

[0451] On the other hand, when the output voltage 
of the MR sensor forthe input shaft 21 a is lower than the 
output voltage of the MR sensor for the output shaft 21b 
(S334), the MR sensor for the input shaft 21 a is the MR 
sensor 24a and the MR sensor for the output shaft 21b 
is the MR sensor 23b as shown in FIG. 60B. Therefore, 
the voltage level T is added to the output voltage MR 
24a of the MR sensor 24a so that conversion into the 
output voltage MR 23a of the MR sensor 23a is per- 
formed so that the correction of the torque is performed 
(S340). 

(Twenty-Fourth Embodiment) 

[0452] FIG. 62 is a vertical cross sectional view 
showing an essential construction of a twenty-fourth 
embodiment of a steering apparatus according to the 
present invention. The steering apparatus according to 
this embodiment comprises an upper shaft 2 which is 
attached to the upper end thereof and to which a steer- 
ing wheel 1 is attached. A cylindrical input shaft 5 and 
an upper end of a torsion bar (a connecting shaft) 6, 
which is inserted into the input shaft 5, are, through a 
first dowel pin 4, connected to the lower end of the 
upper shaft 2. A cylindrical output shaft 8 is, through a 
second dowel pin 7, connected to a lower end of the tor- 
sion bar 6. The upper shaft 2, the input shaft 5 and the 
output shaft 8 are rotatively supported in a housing 12 
through bearings 9a, 9b and 9c. 

[0453] The housing 12 includes a torque detecting 
device 13 for detecting the steering torque in accord- 
ance with an amount of relative displacement of the 
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input shaft 5 and the output shaft 8 connected to each 
other through the torsion bar 6. Moreover, the housing 
12 includes a reduction mechanism 15 for reducing the 
rotation of the electric motor 14 for assisting steering 
which is rotated in accordance with a detection result 
performed by the torque detecting device 13 so as to 
transmit the reduced rotation to the output shaft 8. The 
operation of the steering mechanism corresponding to 
the rotation of the steering wheel 1 is assisted by using 
the rotation of the electric motor 14. Thus, the labor 
which must be borne by a driver who performs steering 
can be reduced. The lower end of the output shaft 8 is 
connected to a rack and pinion steering mechanism 
through a universal joint. 

[0454] The torque detecting device 13 comprises a 
magnetic protrusion 13c formed spirally on the circum- 
ferential surface 13a of the input shaft 5. To detect the 
position of the magnetic protrusion 13c which is moved 
in the axial direction of the input shaft 5 when the input 
shaft 5 has been rotated in a state where observation is 
performed from one rotational position, an MR sensor 
13e is disposed in parallel with the input shaft 5 such 
that a proper distance is maintained. Moreover, an MR 
sensor 13g is disposed in parallel with the input shaft 5 
at a position apart from the MR sensor I3e by 180° in 
the circumferential direction of the input shaft 5 such 
that a proper distance is maintained. The MR sensors 
13c, 13e and 13g are secured to stationary portions of 
a body of an automobile, respectively. 
[0455] Similarly to the input shaft 5. the output shaft 
8 has a magnetic protrusion 13d formed spirally on the 
circumferential surface of the output shaft 8. To detect 
the position of the protrusion 13d which is moved in the 
axial direction of the output shaft 8 when the output 
shaft 8 has been rotated in a state where observation is 
performed from one rotational position, an MR sensor 
1 3f is disposed in parallel with the output shaft 8 such 
that a proper distance is maintained. Moreover, an MR 
sensor 13h is disposed in parallel with the output shaft 
8 at a position apart from the MR sensor 13f by 180° in 
the circumferential direction of the output shaft 8 such 
that a proper distance is maintained. The MR sensors 
13d, 13f and 13h are secured to stationary portions of a 
body of an automobile, respectively. 
[0456] The operation of the steering apparatus con- 
structed as described above will now be described. 
[0457] When the input shaft 5 and the output shaft 
8 are rotated without any twisting of the torsion bar 6, 
the input shaft 5, the output shaft 8 and the torsion bar 
6 are integrally rotated. 

[0458] When the input shaft 5 and the output shaft 
8 have been rotated, the protrusions 13c and 13d which 
are closest to the detecting surfaces of the MR sensors 
13e and 13g, I3f and 13h are moved in the axial direc- 
tion of the input shaft 5 and the output shaft 8. The pro- 
trusions 13c and 13d are spirally formed on the 
circumferential surfaces 13a and 13b of the input shaft 
5 and the output shaft 8. The positions of the magnetic 



protrusions 13c and 13d, which are closest to the 
detecting surfaces of the MR sensors 13e, 13g, 13f and 
13h, in the axial direction of the input shaft 5 and the 
output shaft 8 and the rotational angles of the input shaft 
5 5 and the output shaft 8 can be made to correspond to 
each other. 

[0459] For example, the output voltages of the MR 
sensors 13e and 13g, 13f and 13h and the rotational 
angles of the input shaft 5 and the output shaft 8 are set 

w to have a similar linear relationship. When the input 
shaft 5 and the output shaft 8 have been rotated plural 
times, the outputs of the MR sensors 13e and 13g, 13f 
and 13h show the voltage waveform having a period of 
360°. In accordance with the output voltages of the MR 

15 sensors 13e, 13g, 13f and 13h, the rotational angles of 
the input shaft 5 and the output shaft 8 can be detected. 
[0460] When the steering torque has been applied 
on the steering wheel 1 and the input shaft 5 and the 
output shaft 8 have been rotated such that the torsion 

20 bar 6 is twisted, the output voltages of the MR sensors 
13e and 13g, 13f and 13h generate the difference in the 
voltage corresponding to the torsional angle. The output 
voltages of the MR sensors 13e and 13g. 13f and 13h 
are inputted to a signal processing unit (not shown) 

25 through corresponding output cables. Similarly to the 
signal processing unit 35 according to the twenty-third 
embodiment, the signal processing unit calculates the 
difference in the voltage so as to obtain the torsional 
angle so that a signal corresponding to the steering 

30 torque is outputted. Moreover, when disconnection 
occurred in any one of the MR sensors 13e, I3g, 13f 
and 13h, the signal processing unit 35 calculates as 
much as possible the voltage difference with use of the 
MR sensors in which disconnection does not occur to 

35 detect the torsional angle and output signal correspond- 
ing to the steering torque. 

(Twenty- Fifth Embodiment) 

40 [0461] FIG. 63 is a schematic view showing the 
constructions of a rotational angle detecting device and 
a torque detecting device according to the present 
invention and applied to a steering apparatus for an 
automobile. As shown in FIG. 63, an input shaft (a first 

45 shaft) 21 a having an upper end connected to a steering 
wheel 1 and an output shaft (a second shaft) 21 b having 
a lower end connected to a pinion gear 3 of a steering 
mechanism are coaxially connected to each other 
through a torsion bar 6 having a small diameter. Thus, a 

so steering shaft 21 for connecting the steering wheel 1 
and the steering mechanism is constructed. The rota- 
tional angle detecting device and the torque detecting 
device according to the present invention are construc- 
tions adjacent to a portion in which the input shaft 21a 

55 and the output shaft 21b are connected to each other. 
The constructions will now be described. 
[0462] A disc-shape target plate 25 is coaxially fit- 
ted and secured to the input shaft 2 1 a at a position adja- 
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cent to the portion for connecting the output shaft 21 b. A 
plurality of targets (10 in figure) 250 are parallelly pro- 
vided on the circumferential surface of the target plate 
25 by same intervals. The targets 250, as shown in fig- 
ure, are protrusions each of which is made of magnetic 
material and which are inclined with respect to the axial 
direction of the input shaft 21a to which the target plate 
25 has been fit by substantially the same angles. 
[0463] A similar target plate 25 is fined and secured 
to the output shaft 21 b at a position adjacent to the por- 
tion in which the output shaft 21b and the input shaft 
21 a are connected to each other. A plurality of targets 
250 each of which is inclined by substantially the same 
angle with respect to the axial direction of the output 
shaft 21 b to which the target plate 25 has been fitted are 
provided on the circumferential surface. of the target 
plate 25. The targets 250 are accurately aligned to the 
targets 250 of the input shaft 21a in the circumferential 
direction. 

[0464] Two sensor boxes 231 and 241 are disposed 
on the outside of the target plate 25 to, from different 
positions, face the outer ends of the targets 250 pro- 
vided on the circumferential surface of the target plate 
25. The sensor boxes 231 and 241 are secured and 
supported by a stationary portion, such as a housing 
which supports the input shaft 21a and the output shaft 
21b. The sensor box 231 includes an MR sensor 23a 
disposed opposite to the targets 250 for the input shaft 
21a and an MR sensor 23b disposed opposite to the tar- 
gets 250 for the output shaft 21 b. The MR sensor 23a 
and the MR sensor 23b are accurately aligned in the cir- 
cumferential direction. Similarly, the sensor box 241 
includes an MR sensor 24a disposed opposite to the 
targets 250 for the input shaft 21a and an MR sensor 
24b disposed opposite to the targets 250 for the output 
shaft 21b. The MR sensor 24a and the MR sensor 24b 
are accurately aligned in the circumferential direction. 
[0465] The MR sensors 23a, 23b, 24a and 24b are 
sensors, such as the magnetoresistance effect ele- 
ments (MR elements), having electric characteristics 
(the resistance) which are changed owing to an action 
of a magnetic field. The output voltage of each sensor is 
changed according to change in the ambient magnetic 
field. Outputs of the MR sensors 23a, 23b, 24a and 24b 
are extracted to the outside of the sensor boxes 231 and 
241 so as to be supplied to a signal processing unit 35 
comprising a microprocessor. 

[0466] The MR sensors 23a, 23b, 24a and 24b are 
disposed opposite to the targets 250 which are protru- 
sions made of the magnetic material. The targets 250 
are provided on the circumferential surfaces of the input 
shaft 21 a and output shaft 21 b such that the targets 250 
are inclined by a predetermined angle with respect to 
the axial direction of each of the input shaft 21a and the 
output shaft 21b. When the input shaft 21a and the out- 
put shaft 21 b have been rotated around the axis, the MR 
sensors 23a, 23b, 24a and 24b, therefore, outputted 
electric signals which are proportionally changed 



according to change in the rotational angle of each of 
the input shaft 21a and the output shaft 21b when the 
corresponding targets 250 pass through the opposite 
positions. 

5 [0467] At this time, the output voltages of the MR 
sensors 23a and 24a correspond to the rotational angle 
of the input shaft 21 a on which the corresponding tar- 
gets 250 are provided. The output voltages of the MR 
sensors 23b and 24b correspond to the rotational angle 

w of the output shaft 21 b on which the corresponding tar- 
gets 250 are provided. Therefore, the rotational angle of 
the output shaft 21b can be calculated from the output 
voltages of the MR sensors 23a and 24a. The rotational 
angle of the output shaft 21b can be calculated from the 

is MR sensors 23a and 24a. 

[0468] The difference between the output voltage of 
the MR sensor 23a and that from the MR sensor 23b or 
the difference between the output voltage of the MR 
sensor 24a and that of the MR sensor 24b correspond 

20 to the difference in the rotational angle (the relative 
change in the angle) between the input shaft 21a and 
the output shaft 21b. The relative change in the angle 
corresponds to a torsional angle generated in the tor- 
sion bar 6 for connecting the input shaft 21a and the 

25 output shaft 21 b to each other, the torsional angle being 
generated owing to the rotational torque applied on the 
input shaft 21a. Therefore, the rotational torque applied 
on the input shaft 21a can be calculated in accordance 
with the difference in the output voltage. 

30 [0469] In this embodiment, the targets 250 are pro- 
vided for the input shaft (the first shaft) 21 a and the out- 
put shaft (the second shaft) 21b connected to each 
other through the torsion bar 6, the torsional character- 
istic of which has been known. When a rotating shaft 

35 having the known torsional characteristic is an object 
which must be detected, a construction may, of course 
be, employed in which the targets 250 are directly pro- 
vided on the positions apart from one another in the 
axial direction of the rotating shaft. Thus, the targets 

40 250 are detected by the MR sensors (the magnetic sen- 
sors). 

[0470] The rotational angle and the rotational 
torque are calculated by the signal processing unit 35 to 
which the output voltages of the MR sensors 23a, 23b, 
45 24a and 24b are inputted. Since the procedures for the 
calculations have been described, the procedures are 
omitted from description. To obtain accurate results 
from the calculations, the output characteristics of the 
MR sensors 23a and 24a for the input shaft 21 a and the 
MR sensors 23b and 24b for the output shaft 21b must 
be constant. Moreover, the same output voltages must 
be generated to correspond to passing of the targets 
250 to which the MR sensors are correspond. 
[0471] FIG. 64 is graph showing a state of change 
in the output voltages of the MR sensors 23a and 24a 
for the input shaft 21a. The axis of abscissa of the graph 
stands for the rotational angle 6 of the input shaft 21a 
which must be detected. A solid line in the graph indi- 
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cate the output voltage of the MR sensor 23a, while a 
short dashed line indicates the output voltage of the MR 
sensor 24a. In a case where the target plate 25 com- 
prising the 10 targets 250 provided on the circumferen- 
tial surface thereof is employed, the output voltages of 5 
the MR sensors 23a and 24a are changed such that one 
period is a period in which the input shaft 21a is rotated 
by 36° (= 360°/10). Thus, repetition of a region in which 
linear change occurs in a period in which each of the 
targets 250 and a region in which nonlinearly change w 
occurs in a period in which the discontinuous portions 
between the adjacent targets 250 pass are performed. 
[0472] The reason why the two MR sensors 23a 
and 24a are provided for the input shaft 21a lies in that 
unreliable calculations must be prevented in which is 
uncertain output voltages obtained from the nonlinearly- 
changed regions are used. The positions of the MR sen- 
sors 23a and 24a in the circumferential direction of the 
target plate 25 are adjusted such that output voltages 
having the phases which are shifted by about a half 20 
period are generated. Thus, when either of the output 
voltages of the MR sensors 23a and 24a is present in 
the nonlinearly region, the other output voltage is 
present in the linear region. The two MR sensors 23a 
and 24a are switched under condition that, for example, 25 
each output voltage is changed to a level higher (or 
lower) than a predetermined threshold voltage. Moreo- 
ver, ranges for use the output voltages of the MR sen- 
sors 23a and 24a are set . as illustrated. Thus, the 
rotational angle of the overall surface can be calculated 30 
by using the output voltage of the linearly-changed 
region. 

[0473] A state of change in the output voltage of 
each of the MR sensors 23a and 24a in the linearly- 
changed region varies according to the output charac- 35 
teristics of the MR sensors 23a and 24a. FIG. 64 shows 
a case where the output characteristics of the MR sen- 
sors 23a and 24a are considerably different from each 
other. The difference in the output characteristic 
appears as the difference in the change rate of the out- 40 
put voltage in the linearly-changed region as illustrated. 
When the rotational angle from the start point of the 
range for use is commonly G 0 , output voltage V A can be 
obtained when the MR sensor 23a is used. On the other 
hand, output voltage v A is obtained when the MR sen- as 
sor 24a is used. The rotational angles which are calcu- 
lated in accordance with the foregoing output voltages 
vary according to use of the MR sensor 23a or the MR 
sensor 24a. 

[0474] Moreover, the output characteristics of the so 
MR sensors 23a and 24a are changed owing to an influ- 
ence of the temperature. In addition, change with time 
occurs. Therefore, the rotational angle calculated in 
accordance with the output voltage of the same MR 
sensor (23a or 24a) involves an error caused from the 55 
ambient temperature and an error which occurs with 
time. An error in the operation caused from the differ- 
ence in the output characteristic identically applies to 



the MR sensors 23b and 24b for the output shaft 21b. 
As described above, also the rotational torque calcu- 
lated by using the difference in the voltage between the 
MR sensors 23a and 24a and the difference in the volt- 
age between the MR sensor 24a and the MR sensor 
24b involves a similar error. 

[0475] FIG. 65 is a graph showing a state of change 
in the output voltage of one MR sensor (for example, 
MR sensor 23a). As described above, the output volt- 
ages of the MR sensor 23a is changed such that one 
period is a rotational angle corresponding to one target 
250. The linearly-changed region and the nonlinearly- 
changed region are repeated. 

[0476] As described above, the MR sensor 23a is 
secured and supported by the stationary portion. On the 
other hand, the targets 250 which must.be detected by 
the MR sensor 23a are provided on the circumferential 
surface of the input shaft 21a which is freely rotatively 
supported. When concentricity between the portion to 
which the MR sensor 23a is secured and the input shaft 
21a cannot satisfactorily be maintained or if the input 
shaft 21 a is staggered, the air gap between the M R sen- 
sor 23a and each of the targets 250 varies during the 
rotation. 

[0477] When the foregoing change in the air gap 
occurs, the output voltage of the MR sensor 23a is 
raised owing to approach of the target 250 in a case 
where the air gap is small. On the contrary, if the air gap 
is large, the output voltage is lowered owing to move- 
ment away from the target 250. An alternate long and 
short dash line shown in FIG. 65 indicates a fluctuation 
component of the air gap. When the foregoing fluctua- 
tion component is included, the actual output voltage of 
the MR sensor 23a is brought to a state in which the 
fluctuation component is superimposed on the original 
periodical change as indicated with a solid, line shown 
in FIG. 65. Thus, a state indicated with a short dashed 
line shown in FIG. 65 is realized. As a result, an output 
voltage obtainable when the rotational angle from the 
start point of the range for use is identically 8 0 varies in 
each period corresponding to the target 250 as indi- 
cated with symbols V A ' and V A " shown in FIG. 65. The 
accuracy of each of the rotational angle and the rota- 
tional torque calculated in accordance with the forego- 
ing output voltages deteriorates. 

[0478] Therefore, when the signal processing unit 
35 directly uses the output voltages of the MR sensors 
23a, 23b, 24a and 24b to calculate the rotational angle 
and the rotational torque, a result of the calculation 
includes an error caused from the difference in the out- 
put characteristics of the MR sensors 23a, 23b, 24a and 
24b and an error caused from change in the air gap 
from the targets 250. Therefore, the present invention is 
constructed to prevent occurrence of the foregoing error 
by causing the signal processing unit 35 to perform the 
following gain correction and offset correction. 
[0479] FIG. 66 is a flow chart showing the contents 
of the gain and offset correction operations. The gain 
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and offset correction operations are performed as inter- 
ruption processing for each of the MR sensors 23a, 23b, 
24a and 24b which are performed between the calculat- 
ing operations for the rotational angle and the rotational 
torque- In the following description, a correction proce- 
dure for each of the M R sensors 23a and 24a for detect- 
ing the input shaft 21 a will now be described. 
[0480] The signal processing unit 35 monitors the 
output voltages of the MR sensors 23a and 24a sequen- 
tially fetched so as to be used in the calculations of the 
rotational angle and the rotational torque. The signal 
processing unit 35 judges whether or not the input shaft 
21a which must be detected has rotated by an amount 
corresponding to one target 250 (S701). When a judge- 
ment is made that rotation for one target 250 has been 
performed, the signal processing unit 35 extracts the 
maximum value V Amax and the minimum value V Amjn of 
the output voltage V A of the MR sensor 23a and maxi- 
mum value v Amax and the minimum value v^,,^ of the 
output voltage v A of the MR sensor 24a during the rota- 
tion (S702). Then, the difference V APP (= V Amax - V Amin ) 
and v APP (= v Amax - v Amln ) between the maximum value 
and the minimum value are calculated (S703). 
[0481] Then, the signal processing unit 35 applies 
the obtained difference V APP and v APP to the following 
equations to calculate corrective gains K n+1 and k n+1 for 
the MR sensors 23a and 24a (S704). 

K n+i = K o x Vapp^appo 0) 

k n+1 = k 0 X V APP^APPO ( 2 ) 

[0482] Wherein each of V APP0 and v APPO is the dif- 
ferences (the reference difference) between the maxi- 
mum output voltage and minimum output voltage 
obtainable during one rotation of the target 250 and 
each of Kq and ko is a reference gain set for each refer- 
ence difference. 

[0483] FIG. 67 is a graph showing the corrective 
gain calculated as described above. In FIG. 67, change 
in the output voltage of the MR sensor 23a is shown. A 
solid line shown in FIG. 67 indicates an actual output 
voltage of the MR sensor 23a. As described above, a 
state is realized in which linear change and nonlinear 
change occur in the difference V APP between the maxi- 
mum value V Amax and the minimum value V Amjn such 
that a rotational angle corresponding to one target 250 
is one period. 

[0484] A short dashed line shown in FIG. 67 indi- 
cates a reference characteristic set for the MR sensor 
23a. The foregoing characteristic is set such that linear 
change and nonlinear change occur in the reference dif- 
ference V APPO in one period. The reference gain Kq rep- 
resents a change rate (an inclination) in the linearly- 
changed region of the reference characteristic. There- 
fore, a value obtained by multiplying the actual output 
voltage V A obtained from the output characteristic indi- 
cated with the solid line at a proper rotational angle with 



the corrective gain Kp +1 obtained in accordance with 
equation (1) becomes output voltage V of the reference 
characteristic at the same rotational angle. Similarly, a 
value obtained by multiplying the output voltage V A of 
5 the MR sensor 24a with the corrective gain k n+1 
obtained in accordance with equation (2) becomes out- 
put voltage v of the reference characteristic set for the 
MR sensor 24a. 

[0485] In the calculations of the rotational angle 

w performed by the signal processing unit 35, the output 
voltages V A and v A of the MR sensors 23a and 24a are 
not used as it is. In this case, results obtained by multi- 
plying the output voltages V A and v A with the corrective 
gains K„ +1 and k n+1 obtained in accordance with the 

15 equations (1) and (2) are used. Thus, the rotational 
angle can be calculated in accordance with the refer- 
ence characteristic. Therefore, the influences of the dif- 
ference in the output characteristics of the MR sensors 
23a and 24a and change in the output characteristics 

20 can be eliminated when the rotational angle of the input 
shaft 21 a which must be detected can accurately be cal- 
culated. Also the output voltages V B and v B of the MR 
sensors 23b and 24b arranged to detect the output shaft 
21b are similarly subjected to the gain correction. Thus, 

25 the accuracy of calculations for the rotational torque, 
which is performed similarly, can be improved. 
[0486] Subscripts (n + 1 ) provided for the corrective 
gains K n _-, and kp +1 indicate application to the output 
voltages V A and v A obtained during passing of the target 

30 250 at a next time (n + 1 th time) to the present (n th 
time). The signal processing unit 35 calculates the cor- 
rective gain for use during passing of a next target 250 
whenever each target 250 passes. 
[0487] As an alternative to the arrangement that the 

35 difference V APP and v APP between the maximum value 
and the minimum value as shown in the equations (1) 
and (2) are used to calculate the corrective gains K n+1 
and k n+1 , the maximum value V Amax and v^^ or the 
minimum value V Amin and v Amln may be used as it is. In 

40 the foregoing case, the maximum value and the mini- 
mum value include error components owing to an influ- 
ence of the air gap which is changed between the MR 
sensors 23a and 24a and the targets 250 during the 
rotation of the input shaft 21 a. Therefore, it is preferable 

45 that the difference V APP and v APP are used to calculate 
the corrective gain K n+1 and k n+1 . 

[0488] As described above, the corrective gains 
K n ^! and k n ^-, are calculated. Then, the signal process- 
ing unit 35 calculates an average value V Amid (= 

50 ( v Amax + V Amin) /2 ) of the output voltages of the MR 
sensor 23a and an average value v Amid (= 
( v Amax + v A/nin) /2 ) °* tne output voltages of the MR 
sensor 24a (S705). Then, the obtained average values 
are applied to the following equations to calculate offset 

55 amounts C n+1 and c^ of each of the MR sensors 23a 
and 24a (S706). 

= V Amid * V Amid0 ( 3 ) 
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C m-1 = V Amid- V AmidO ( 4 ) 

[0489] Where V Amid0 and v Amid0 are average values 
between the maximum output and the minimum output 
of the MR sensors 23a and 24a which can be obtained 5 
during one rotation of the target 250 in a preferred state 
of use realized by omitting change factor of the air gap, 
such as runout with respect to the target 250 and stag- 
gering of the input shaft 21a. 

[0490] FIG. 68 is a graph showing the calculated w 
offset amounts. In FIG. 68, a state of change in the out- 
put voltage of the MR sensor 23a is shown. The output 
voltage of the MR sensor 23a is changed such that lin- 
ear and nonlinear change occur between the maximum 
value V Amax and the minimum value V Amin in each is 
period in which rotation corresponding to one target 250 
is performed. As described above, the output voltage 
sometimes includes an error component caused from 
change in the air gap between the MR sensor 23a and 
each of the targets 250. 20 
[0491] A solid line shown in the graph indicates a 
state of change in an actual output voltage including the 
foregoing error component. As indicated with an alter- 
nate long and short dash line, the output voltage has a 
medium point which is changed at a moderate period to 25 
correspond to the change in the air gap. The foregoing 
value V Amid (= V Amax + V Amin )/2) is a voltage level of 
the foregoing medium point in the rotational angle corre- 
sponding to one target 250. Note that C n+1 calculated in 
accordance with the equation (3) is an offset amount 30 
from the preferred medium point indicated with a thin 
line shown in the drawing, that is, a preferred medium 
point obtained by omitting the influence of the change in 
the air gap. Therefore, the foregoing offset amount C n+1 
is added to the actual output voltage V A of the MR sen- 35 
sor 23a so that the fluctuation component of the air gap 
included in the output voltage V A is omitted. Similarly, 
the offset amount c n+1 obtainable from the equation (4) 
is added to the output voltage v A of the MR sensor 24a 
so that the fluctuation component of the air gap in the 40 
output voltage v A is omitted. 

[0492] When the signal processing unit 35 calculate 
the rotational angle, the actual output voltages V A and 
v A of the MR sensors 23a and 24a are not used as it is. 
In this case, results obtained by adding the offset 45 
amounts C n+1 and c n+1 obtained in accordance with the 
equations (3) and (4) are used. Thus, the influence of 
the change in the output caused from the change in the 
air gap can be eliminated, so that the rotational angle of 
the input shaft 21a which must be detected is accurately so. 
calculated. Note that similar offset corrections are per- 
formed for the output voltages V B and v B of the MR sen- 
sors 23b and 24b used to detect the output shaft 21b. 
Thus, the accuracy of the calculation of the rotational 
torque which is performed similarly can be improved. 55 
[0493] Similarly to the corrective gains and 
k^, subscripts (n + 1) provided for the offset amounts 
C n+1 and c n+1 indicate application to the output voltages 



V A and v A obtained during passing of the target 250 at a 
next time (n + 1 th time) to the present time (n th time). 
The signal processing unit 35 calculates the offset 
amount for use during passing of a next target 250 
whenever each target 250 passes. 
[0494] As an alternative to the arrangement that the 
average values V Amid and v Amid of the maximum value 
and the minimum value are not used as shown in the 
equations (3) and (4). As an alternative to this, the max- 
imum value V Amax and v Amax or the minimum values 
v Amin and v Amin mav De used a s it is to perform the cal- 
culations. In the foregoing case, the maximum value 
and the minimum value include error components owing 
to an influence of the change in the output characteris- 
tics of the MR sensors 23a and 24a. Therefore, it is pref- 
erable that the offset amounts C n+r and c n+1 are 
calculated by using the average values V Amjd and v Amjd . 
[0495] The signal processing unit 35 repeats the 
operations in steps S701 to S706 until all of the targets 
250 provided on the surface of the input shaft 21a pass, 
that is, the input shaft 21a rotates one time (S707). 
When a judgement is made that one rotation has been 
completed, cumulative values (ZS/p^^, EV Amin , Lv Amax 
and £v Amjn ).of the maximum value and the minimum 
value of the output voltages of the MR sensors 23a and 
24a extracted during the rotation are calculated (S708). 
Then, average gains and k m during one rotation are 
calculated in accordance with the following equations 
(S709). The foregoing calculation is repeated until a 
predetermined operation interruption conditions, such 
as shutdown of power supply, is satisfied. 

K m = K 0 x (V Amax - V Amjn )/(Z x V Appo ) (5) 

km^koX^Amax-VAminV^XVAPPo) ( 6 ) 

[0496] Where 2 is the number of the targets 250 
parallelly provided on the surface of the input shaft 21 a. 
[0497] The calculated average gains K m and k m are 
average gains in the present atmosphere for the detec- 
tion. The foregoing values are used as reference gains 
when the corrective gains are calculated. 
[0498] In the foregoing embodiment, the construc- 
tion has been described in which the present invention 
is applied to the steering shaft 21 for connecting the 
steering wheel 1 and the steering mechanism of the 
steering apparatus for an automobile. As a matter of 
course, the rotational angle detecting device and the 
torque detecting device according to the present inven- 
tion can widely be used in the purposes for detecting the 
rotational angle and the rotational torque of a rotating 
shaft which rotates around an axis. 

(Twenty-Sixth Embodiment) 

[0499] FIG. 69 is a schematic view showing the 
constructions of a rotational angle and a torque detect- 
ing device according to the present invention and 
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applied to a steering apparatus for an automobile. As 
shown in FIG. 69, an input shaft (a first shaft) 21a hav- 
ing an upper end connected to a steering wheel 1 and 
an output shaft (a second shaft) 21 b having a lower end 
connected to a pinion gear 3 of a steering mechanism 5 
are coaxially connected to each other through a torsion 
bar 6 having a small diameter. Thus, a steering shaft 21 
for connecting the steering wheel 1 and the steering 
mechanism is constructed. The rotational angle detect- 
ing device and the torque detecting device according to w 
the present invention are constructed adjacent to a por- 
tion in which the input shaft 21a and the output shaft 
21b are connected to each other. The constructions will 
now be described. 

[0500] A disc-shape target plate 25 is coaxially fit- is 
ted and secured to the input shaft 21 a at a position adja- 
cent to the portion for connecting the output shaft 21 b. A 
plurality of targets 250 (10 in figure) are parallelly pro- 
vided on the circumferential surface of the target plate 
25 by same intervals. The targets 250 are protrusions 20 
each of which is made of magnetic material and which 
are inclined with respect to the axial direction of the 
input shaft 21 a to which the target plate 25 has been fit 
by substantially the same angles. 

[0501] A similar target plate 25 is fitted and secured 25 
to the output shaft 21b at a position adjacent to the por- 
tion in which the output shaft 21b and the input shaft 
21a are connected to each other. A plurality of targets 
250 each of which is inclined by substantially the same 
angle with respect to the axial direction of the output 30 
shaft 21 b to which the target plate 25 has been fitted are 
provided on the circumferential surface of the target 
plate 25. The targets 250 are aligned to the targets 250 
of the input shaft 21 a in the circumferential direction. 
[0502] Two sensor boxes 231 and 241 are disposed 35 
on the outside of the target plate 25 to, from different 
positions, face the outer ends of the targets 250 pro- 
vided on the circumferential surface of the target plate 
25. The sensor boxes 231 and 241 are secured and 
supported by a stationary portion, such as a housing 40 
which supports the input shaft 21 a and the output shaft 
21b. 

[0503] The sensor box 231 includes an MR sensor 
23a disposed opposite to the targets 250 for the input 
shaft 21a and an MR sensor 23b disposed opposite to 45 
the targets 250 for the output shaft 21 b. The MR sensor 
23a and the MR sensor 23b are accurately aligned in 
the circumferential direction. Similarly, the sensor box 
241 includes an MR sensor 24a disposed opposite to 
the targets 250 for the input shaft 21a and an MR sen- so 
sor 24b disposed opposite to the targets 250 for the out- 
put shaft 21b. The MR sensor 24a and the MR sensor 
24b are accurately aligned in the circumferential direc- 
tion. 

[0504] The MR sensors 23a, 23b, 24a and 24b are 55 
sensors, such as the magneto resistance effect ele- 
ments (MR elements), having electric characteristics 
(the resistance) which are changed owing to an action 



of a magnetic field. The output voltages V A , V B , v A and 
v B of each sensor are extracted to the outside of the 
sensor boxes 231 and 241 so as to be supplied to a sig- 
nal processing unit 35 comprising a microprocessor. 
[0505] FIG. 70 is a graph showing an example of 
change in the output voltages of the MR sensors 23a, 
23b, 24a and 24b. The axis of abscissa of the graph 
stands for the rotational angle of the input shaft 21 a or 
the output shaft 21 b. A solid line in the graph indicates 
the output voltages of the MR sensors 23a and 24a for 
the input shaft 21 a. A short dashed line indicates the 
output voltages of the MR sensors 23b and 24b for the 
output shaft 21b. 

[0506] As described above, the MR sensors 23a, 
23b, 24a and 24b are disposed opposite to the targets 
250 which are provided on the circumferential surfaces 
of the input shaft 21a and output shaft 21b to make a 
predetermined angle of inclination and each of which is 
made of magnetic material. The length of each of the 
targets 250 is finite in the circumferential direction of the 
input shaft 21a or the output shaft 21 b. Thus, a discon- 
tinuous portion is present among the targets 250. 
Therefore, when the input shaft 21a and output shaft 
21b have been rotated around the axis, the MR sensors 
23a, 23b, 24a and 24b output voltage signals which are 
linearly changed to correspond to change in the rota- 
tional angle of the input shaft 21 a or the output shaft 21 b 
during passing of the corresponding targets 250. When 
the discontinuous portion between the adjacent targets 
250 passes, voltage signals which are nonlinearly 
changed to correspond to the change in the rotational 
angle are outputted. 

[0507] As a result, the output voltages of the MR 
sensors 23a, 23b, 24a and 24b are, as shown in FIG. 
70, the region (the linearly-changed region) in which the 
linear change occurs and the region (nonlinearly- 
changed region) are repeated during passing of each of 
the targets 250. The period of the repetition.correspond- 
ing to the number of the targets 250 provided on the cir- 
cumferential surface of the target plate 25. In a case 
where 10 targets 250 are provided on the circumferen- 
tial surface of the target plate 25, the foregoing repeti- 
tion occurs such that a period of time in which the input 
shaft 21a or the output shaft 21b is rotated by 36° (= 
360°/10). 

[0508] Then, attention is paid to change in the out- 
put of the MR sensor 23a for the input shaft 21a and 
change in the output of the MR sensor 23b for the out- 
put shaft 21b, the MR sensor 23b being disposed to 
align to the MR sensor 23a in the circumferential direc- 
tion. In the foregoing case, the foregoing changes 
occurs such that predetermined shift of the phase takes 
place as illustrated. The amount of the shift corresponds 
to the difference (a relative displacement of the angle) in 
the rotational angle between the input shaft 21a and the 
output shaft 21 b. The relative displacement of the angle 
corresponds to the torsional angle generated in the tor- 
sion bar 6 for connecting the input shaft 21a and the 
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output shaft 21 b under the action of the rotational torque 
applied on the input shaft 21a. Therefore, the rotational 
torque applied on the input shaft 21a can be calculated 
in accordance with the difference AV {= V A - Vg) 
between the output voltage V A of the MR sensor 23a 5 
and the output voltage V B of the MR sensor 23b. 
[0509] Also similar shift of the phase occurs 
between the output of the MR sensor 24a for the input 
shaft 21a and the output of the MR sensor 24b for the 
output shaft 21b. In accordance with the output differ- w 
ence Av (= v A - v B ) generated between the MR sensor 
24a and the MR sensor 24b, the above-mentioned rota- 
tional torque can be calculated. 

[0510] In the illustrated embodiment, the construc- 
tion has been described in which the targets 250 are is 
provided for the input shaft (the first shaft) 21a and the 
output shaft (the second shaft) 21b connected to each 
other through the torsion bar 6 having the known tor- 
sional characteristic. When a rotating shaft having a 
known torsional characteristic is detected, a construe- 20 
tion may be employed in which the targets 250 are 
directly disposed apart from one another in the axial 
direction of the rotating shaft. Moreover, the rotational 
torque is calculated in accordance with the difference in 
the output of the MR sensors (the magnetic sensors) 25 
disposed opposite to the targets 250. 
[0511] The rotational torque is calculated is per- 
formed by the signal processing unit 35 to which the 
output voltages of the MR sensors 23a, 23b, 24a and 
24b are inputted. Since the procedure for the calculation 30 
has been described, the procedure is omitted from 
description. 

[0512] The reason why the two MR sensors 23a 
and 24a and the two MR sensors 23b and 24b are par- 
allelly disposed on the outside of the targets 250 of the 35 
input shaft 21a and the output shaft 21b will now be 
described. An uncertain output obtainable in the nonlin- 
early-changed region shown in FIG. 70 must be omitted 
when the calculation of the rotational torque is per- 
formed. The two MR sensor 23a and 23b in the sensor 40 
box 231 and the two MR sensor 24a and 24b in the 
other sensor box 241 are disposed opposite to each 
other such that the phases are shifted by a half period in 
the circumferential direction of each target plate 25. As 
shown in FIG. 70, when either pair of the outputs is in 45 
the nonlinear region, the other pair of the outputs is in 
the linearly-changed region. 

[0513] The signal processing unit 35 selects either 
. of the set including the MR sensors 23a and 23b or the . 
. set including the MR sensors 24a and 24b which is so 
present in the linearly-changed region. In accordance 
with the difference in the output of the selected set, the 
rotational torque is calculated. The torque detecting 
device is characterized by the selecting operation. 
[0514] FIG. 71 is a flow chart showing the contents ss 
of the operation for selecting the MR sensors. The oper- 
ation is performed as an interruption processing 
between the calculating operations for calculating the 



rotational torque which is performed at predetermined 
sampling intervals. Initially, the signal processing unit 35 
calculates the difference AV in the output between the 
MR sensors 23a and 23b and the difference Av in the 
output between the MR sensors 24a and 24b (S801). 
[0515] Then, the sign of each of the calculated dif- 
ferences AV and Av in the output is detected (S802 and 
S803). When the two signs are the same, that is, when 
both of the signs are positive or when both of the signs 
are negative, the operation proceeds to S804. When the 
signs are different from each other, the following opera- 
tion is not performed. The operation proceeds to S809 
to be described later. 

[0516] In S804, the signal processing unit 35 calcu- 
lates the absolute value lAVI and lAvl of the difference 
AV and the difference Av calculated in S801. Then, a 
fact that the pair which is being selected is MR sensors 
23a and 23b or MR sensors 24a and 24b is detected 
(S805). When the MR sensors 23a and 23b are being 
selected, the operation proceeds to S806. When the 
MR sensors 24a and 24b are being selected, the oper- 
ation proceeds to S807. The difference obtained by sub- 
tracting the absolute value of the difference in the output 
of the non-selected MR sensor from the absolute value 
of the difference in the output of the MR sensor which is 
being selected so as to make a comparison with a pre- 
determined reference value 5. 

[0517] When a judgement is made that the absolute 
value of the difference in the output of the MR sensor 
which is being selected is smaller than the absolute 
value of the difference in the output of the non-selected 
MR sensor by a reference value, the present selection 
of the MR sensor is changed (S808). When a judge- 
ment is made that the absolute value is not smaller as 
described above, the present selection of the MR sen- 
sor is maintained. Then, the operation proceeds to 
S809. In S809, whether or not a predetermined opera- 
tion interruption conthtion, such as shutdown of power 
supply, is satisfied is judged. The operations in S801 to 
S808 are repeated until the operation interruption condi- 
tion is satisfied. 

[0518] As a result of the foregoing operation, a 
judgement of the difference in the output of the MR sen- 
sor which is being selected and the sign of the differ- 
ence in the output of the non -selected MR sensor are 
performed (S802 and S803). When the MR sensors 
have the same sign, the absolute value of the difference 
in the output of the MR sensor which is being selected 
and the absolute value of the difference in the output of 
the non-selected MR sensor are compared with each 
other (S806 and S807). Only when a determination has 
been made that the former value is smaller than the lat- 
ter value by the predetermined quantity (the reference 
value 5), switching from the MR sensor which is being 
selected to the non-selected MR sensor is performed. 
[0519] The meaning of the foregoing operation will 
now be described with reference to FIG. 70. In a case of 
FIG. 70, when the rotational angle of the input shaft 21a 
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is enlarged, the output voltages of the MR sensors 23a 
and 23b and those of the MR sensors 24a and 24b are 
changed to the right-hand portion of the graph such that 
repetition between the linearly-changed region and the 
nonlinearly-changed region takes place. In the first 5 
region expressed as X v the difference AV in the output 
between the MR sensors 23a and 23b in the linearly- 
changed region is used to calculate the rotational angle. 
[0520] In the latter half of the first region X t , the out- 
puts of the MR sensors 23a and 23b encounters a phe- w 
nomenon that the change rate is lowered as the 
distance to the nonlinearly-changed region is short- 
ened. The output of the two MR sensors 23a and 23b 
are changed with the shift of the phase owing to the 
action of the rotational torque. Therefore, lowering of the 75 
change rate of either MR sensor (the MR sensor 23a in 
a case shown in FIG. 70) occurs first. As a result, the 
difference AV in the output between the MR sensors 23a 
and 23b is reduced as the distance to the end of the first 
region X 1 is shortened. 20 
[0521] In the latter half of the first region X 1f also the 
outputs of the non-selected MR sensor 24a and the MR 
sensor 24b are included in the linearly-changed region. 
The linearly-changed region has a shift of the phase by 
a half period from the nonlinearly-changed region for 25 
the MR sensors 23a and 23b which are being selected. 
Therefore, the linearly-changed region includes a por- 
tion adjacent to the end of the first region X v Hence it 
follows that the voltage difference Av between the non- 
selected MR sensors 24a and 24b is not changed adja- 30 
cent to the end of the first region X 1 . 
[0522] At this time, switching from the MR sensors 
23a and 23b which are being selected to the non- 
selected MR sensors 24a and 24b is performed as a 
result of a comparison of the magnitude of the absolute 35 
value of the difference in the output which is performed 
in S806. In the following second region X 2 , the voltage 
difference av between the MR sensors 24a and 24b 
continued from the linearly-changed region is used to 
calculate the rotational torque. 40 
[0523] A state of change in the outputs of the MR 
sensors 23a and 23b in the second region X 2 after the 
foregoing switching has been performed will now be 
described. The second region X 2 is divided into a region 
Y, in front of a point at which the output curve of the MR 45 
sensor 23a which is first shifted to the nonlinearly- 
changed region intersects the output curve of the MR 
sensor 23b; a region Y 2 in which the relationship of the 
magnitude of the outputs of the MR sensors 23a and 
23b is inverted such that the output of the MR sensor so 
23b is larger than the output of the MR sensor 23a; and 
a region Y 3 in which the output curves of the MR sen- 
sors 23a and 23b again intersect each other and the 
relationship of the magnitude of the outputs of the MR 
sensors 23a and 23b are again inverted. 55 
[0524] In the region Y 1 , the relationship of the mag- 
nitude of the absolute value of the difference in the out- 
put is maintained. The selection of the MR sensor 24a 



and the MR sensor 24b is maintained owing to a result 
of the comparison of the magnitude of the absolute 
value of the difference in the output which is performed 
in S807. 

[0525] In the region Y 2 , the change rate of the out- 
puts of the MR sensors 23a and 23b in the nonlinearly- 
changed region is high. Therefore, voltage difference AV 
of the MR sensors 23a and 23b is large than the voltage 
difference Av of the MR sensor 24a and the MR sensor 
24b which are being selected. When the comparison is 
performed in S807, there is apprehension that the oper- 
ation proceeds to S808 so that the switching to the MR 
sensors 23a and 23b in the nonlinearly-changed region 
is undesirably performed. However, the difference in the 
output between the MR sensor 24a and the MR sensor 
24b which are being selected is positive in the region 
Y 2 . On the other hand, the difference in the output of the 
non-selected MR sensors 23a and 23b is negative. 
Therefore, the operations in S804 to S808 are not per- 
formed because of a result of the judgement of the sign 
in S802 and S803. Hence it follows that the selection of 
the MR sensor 24a and the MR sensor 24b is main- 
tained. 

[0526] In the region Y 3 , the relationship of the mag- 
nitude of the outputs of the non-selected MR sensors 
23a and 23b is again inverted. The comparison in S807 
is performed. The outputs of the MR sensors 23a and 
23b is again shifted to the linearly-changed region in the 
region Y 3 . Therefore, the absolute value IAVI of the dif- 
ference in the output between the non-selected MR 
sensors 23a and 23b is not considerably larger than the 
absolute value lAvl of the difference in the output of the 
MR sensor 24a and the MR sensor 24b which are being 
selected. As a result of the comparison performed in 
S807, the selection of the MR sensor 24a and the MR 
sensor 24b is maintained. 

[0527] The foregoing selection of the . MR sensor 
24a and the MR sensor 24b is switched as the distance 
to the end of the second region X 2 is shortened and the 
output of the MR sensor 24a is about to shift to the non- 
linearly-changed region. Then, the voltage difference 
AV between the MR sensors 23a and 23b is used to cal- 
culate the rotational torque. 

[0528] As described above, the change rates of the 
outputs of the MR sensors 23a and 23b and those of the 
MR sensor 24a and the MR sensor 24b are lowered 
before the selection is switched. Therefore, it is effective 
to directly obtain the change rate by differentiating each 
output to perform similar switching when the change 
rate is lower than a predetermined level. 
[0529] The foregoing method, however, encounters 
a fact that the absolute value of the change rate is 
affected by the magnitude of the change rate in each lin- 
early-changed region. Therefore, the change rate in the 
linearly-changed region is changed in accordance with 
the magnitude of the rotational speed of the objective 
rotating shaft (the steering shaft 21). When the forego- 
ing change rate is used to calculate the rotational torque 
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of the steering shaft 21 having the rotational speed 
which is not constant, there is apprehension that the 
incorrect switching is performed. Therefore, it is prefera- 
ble that the method of using the differentiated value to 
perform switching is employed as an auxiliary method 5 
for the foregoing selecting method only when the rota- 
tional speed of the steering shaft 21 satisfies a prede- 
termined range. When the rotational torque of a general 
rotating shaft with which the rotational speed is not con- 
siderably changed is detected, the switching method w 
using the differentiated value can mainly be employed. 
[0530] FIG. 72 is a graph showing an example of a 
state of change in the output voltages of the MR sen- 
sors 23a, 23b, 24a and 24b. A state is illustrated in 
which the output voltages of the MR sensors 23a, 23b, . 15 
24a and 24b are changed owing to applying of the rota- 
tional torque, the direction of which is inverted to the 
direction in the case shown in FIG. 70. 
[0531 ] In the foregoing case, only the relationship of 
the magnitude of the outputs of the MR sensors 23a and 20 
23b and that of the MR sensors 24a and 24b are differ- 
ent. Therefore, similar selection of the MR sensors 23a 
and 23b or MR sensor 24a and the MR sensor 24b is 
performed. FIG. 72 shows the first region X 1t the sec- 
ond region X 2 and the third region X 3 similar to FIG. 70. 25 
In the first region X t and the third region X 3> the MR 
sensors 23a and 23b are selected. Then, the voltage 
difference AV between the MR sensors 23a and 23b is 
used to calculate the rotational torque. In the second 
region X 2 , the MR sensor 24a and the MR sensor 24b 30 
are selected to perform the rotational torque by using 
their voltage difference Av. 

[0532] The foregoing selecting operation is per- 
formed in accordance with a result of the comparison of 
the outputs of the MR sensors which are being selected 35 
and the non-selected MR sensors. Therefore, even if 
the output characteristic of each MR sensor is changed 
owing to an influence of the ambient temperature, MR 
sensors present in the linearly-changed region can cor- 
rectly be selected. Therefore, the signal processing unit 40 
35 is able to correctly select the MR sensors present in 
the linearly-changed region at any moment of time dur- 
ing the calculation of the signal processing unit 35. A 
result of the detection is used to accurately calculate the 
rotational torque. Hence it follows that control of the 45 
electric motor for assisting steering and other controls 
can satisfactorily be performed in accordance with a 
result of the calculations. 

[0533] Note that the foregoing embodiment has 
been described about application to the purpose for so 
detecting the rotational torque (the steering torque) of 
the steering shaft 21 for connecting the steering wheel 
1 and the steering mechanism of a steering apparatus 
for an automobile. As a matter of course, the torque 
detecting device according to the present invention can 55 
widely been applied to the purpose for detecting the 
rotational torque of the rotating shaft. 



(Twenty-Seventh Embodiment) 

[0534] FIG. 73 is a schematic view showing the 
construction of the torque detecting device according to 
the present invention and applied to a steering appara- 
tus for an automobile. As shown in FIG. 73, an input 
shaft (a first shaft) 21 a having an upper end connected 
to a steering wheel 1 and an output shaft (a second 
shaft) 21b having a lower end connected to a pinion 
gear 3 of a steering mechanism are coaxially connected 
to each other through a torsion bar 6 having a small 
diameter. Thus, a steering shaft 21 for connecting the 
steering wheel 1 and the steering mechanism is con- 
structed. The rotational angle detecting device and the 
torque detecting device according to the present inven- 
tion are constructions adjacent to a portion in which the 
input shaft 21a and the output shaft 21b are connected 
to each other. The constructions will now be described. 
[0535] A disc-shape target plate 25 is coaxially fit- 
ted and secured to the input shaft 21 a at a position adja- 
cent to the portion for connecting the output shaft 21b. A 
plurality of targets (10 in figure) 250 are parallelly pro- 
vided on the circumferential surface of the target plate 
25 by same intervals. The targets 250 are protrusions 
each of which is made of magnetic material and which 
are inclined with respect to the axial direction of the 
input shaft 21a to which the target plate 25 has been fit 
by substantially the same angles. 
[0536] A similar target plate 25 is fitted and secured 
to the output shaft 21 b at a position adjacent to the por- 
tion in which the output shaft 21b and the input shaft 
21a are connected to each other. A plurality of targets 
250 each of which is inclined by substantially the same 
angle with respect to the axial direction of the output 
shaft 21b to which the target plate 25 has been fitted are 
provided on the circumferential surface of the target 
plate 25. The targets 250 are aligned to the targets 250 
of the input shaft 21a in the circumferential direction. 
[0537] Two sensor boxes 231 and 241 are disposed 
on the outside of the target plate 25 to, from different 
positions, face the outer ends of the targets 250 pro- 
vided on the circumferential surface of the target plate 
25. The sensor boxes 231 and 241 are secured and 
supported by a stationary portion, such as a housing 
which supports the input shaft 21a and the output shaft 
21b. 

[0538] The sensor box 231 includes an MR sensor 
23a disposed opposite to the targets 250 for the input 
shaft 21a and an MR sensor 23b disposed opposite to 
the targets 250 for the output shaft 21 b. The M R sensor 
23a and the MR sensor 23b are accurately aligned in 
the circumferential direction. Similarly, the sensor box 
241 includes an MR sensor 24a disposed opposite to 
the targets 250 for the input shaft 21a and an MR sen- 
sor 24b disposed opposite to the targets 250 for the out- 
put shaft 21b. The MR sensor 24a and the MR sensor 
24b are accurately aligned in the circumferential direc- 
tion. 



53 



» 1087218A1J_> 



105 



EP 1 087 218 A1 



106 



[0539] The MR sensors 23a, 23b, 24a and 24b are 
sensors, such as the magneto resistance effect ele- 
ments (MR elements), having electric characteristics 
(the resistance) which are changed owing to an action 
of a magnetic field. The output voltage of each sensor is 5 
changed according to change in the ambient magnetic 
field. Outputs of the MR sensors 23a, 23b, 24a and 24b 
are extracted to the outside of the sensor boxes 231 and 
241 so as to be supplied to a signal processing unit 35 
comprising a microprocessor. 10 
[0540] The MR sensors 23a, 23b, 24a and 24b are 
disposed opposite to the targets 250 which are protru- 
sions made of the magnetic material. The targets 250 
are provided on the circumferential surfaces of the input 
shaft 21a and output shaft 21b such that the targets 250 75 
are inclined by a predetermined angle with respect to 
the axial direction of each of the input shaft 21a and the 
output shaft 21b. When the input shaft 21 a and the out- 
put shaft 21b have been rotated around the axis, the MR 
sensors 23a, 23b, 24a and 24b, therefore, output elec- . 20 
trie signals which are proportionally changed according 
to change in the rotational angle of each of the input 
shaft 21a and the output shaft 21b when the corre- 
sponding targets 250 pass through the opposite posi- 
tions. 25 
[0541] At this time, the output voltages of the MR 
sensors 23a and 24a correspond to the rotational angle 
of the input shaft 21a for which the corresponding tar- 
gets 250 are provided. The output voltages of the MR 
sensors 23b and 24b correspond to the rotational angle 30 
of the output shaft 21b for which the corresponding tar- 
gets 250 are provided. Therefore, the rotational angle of 
the output shaft 21b can be calculated from the output 
voltages of the MR sensors 23a and 24a. The rotational 
angle of the output shaft 21b can be calculated from the 35 
MR sensors 23a and 24a. 

[0542] The difference between the output voltage of 
the MR sensor 23a and that from the MR sensor 23b or 
the difference between the output voltage of the MR 
sensor 24a and that of the MR sensor 24b correspond 40 
to the difference in the rotational angle (the relative 
change in the angle) between the input shaft 21 a and 
the output shaft 21b. The relative change in the angle 
corresponds to a torsional angle generated in the tor- 
sion bar 6 for connecting the input shaft 21a and the 45 
output shaft 21b to each other, the torsional angle being 
generated owing to the rotational torque applied on the 
input shaft 21a. Therefore, the rotational torque applied 
on the input shaft 21a can be calculated in accordance 
with the difference in the output voltage. so 
[0543] In this embodiment the targets 250 are pro- 
vided for the input shaft (the first shaft) 21 a and the out- 
put shaft (the second shaft) 21b connected to each 
other through the torsion bar 6, the torsional character- 
istic of which has been known. When a rotating shaft 55 
having the known torsional characteristic is an object 
which must be detected, a construction may, of course 
be, employed in which the targets 250 are directly pro- 



vided for the positions apart from one another in the 
axial direction of the rotating shaft. Thus, the targets 
250 are detected by the MR sensors (the magnetic sen- 
sors). 

[0544] The rotational torque is calculated by the sig- 
nal processing unit 35 to which the output voltages of 
the MR sensors 23a, 23b, 24a and 24b are inputted. 
Since the procedures for the calculations have been 
described, the procedures are omitted from description. 
To obtain accurate results from the calculations, the out- 
put characteristics of the MR sensors 23a and 24a for 
the input shaft 21a and the MR sensors 23b and 24b for 
the output shaft 21b must be constant. Moreover, the 
same output voltages must be generated to correspond 
to passing of the targets 250 to which the MR sensors 
are correspond. 

[0545] FIG. 74 is graph showing a state of change 
in the output voltages of the MR sensors 23a and 24a 
for the input shaft 21a. The axis of abscissa of the graph 
stands for the rotational angle of the input shaft 21a 
which must be detected. A solid line in the graph indi- 
cate the output voltage of the MR sensor 23a, while a 
short dashed line indicates the output voltage of the MR 
sensor 24a. In a case where the target plate 25 com- 
prising the 10 targets 250 provided on the circumferen- 
tial thereof is employed, the output voltages of the MR 
sensors 23a and 23b are changed such that one period 
is a period in which the input shaft 21a is rotated by 36° 
(= 360°/10). Thus, repetition of a region in which linear 
change occurs in a period in which each of the targets 
250 and a region in which nonlinearly change occurs in 
a period in which the discontinuous portions between 
the adjacent targets 250 pass are performed. 
[0546] The reason why the two MR sensors 23a 
and 24a, 23b and 24b are provided for the input shaft 
21a and the output shaft 21b lies in that unreliable cal- 
culations must be prevented in which uncertain output 
voltages obtained from the nonlinearly-changed regions 
are used. The positions of the MR sensors 23a and 24a 
in the circumferential direction of the target plate 25 are 
adjusted such that output voltages having the phases 
which are shifted by about a half period are generated. 
Thus, when either of the output voltages is present in 
the nonlinearly region, the other output voltage is 
present in the linear region. Therefore, switching 
between MR sensor 23a and 24a, or between MR sen- 
sor 23b and 24b is performs under condition that, for 
example, each output voltage is changed to a level 
higher (or lower) than a predetermined threshold volt- 
age. Moreover, ranges for use the output voltages of the 
MR sensors 23a and 24a are set as illustrated. Thus, 
the rotational torque of the overall surface can be calcu- 
lated by using the output voltage of the linearly-changed 
region. 

[0547] In FIG. 74, when a state of change in the out- 
put voltage is compared between the MR sensor 23a 
and the MR sensor 23b, the output voltages are differ- 
ence from each other in the angle of inclination in the 



<EP 1087218A1J_> 



107 



EP 1 087 218 A1 



108 



linearly-changed region. Moreover, the medium point 
voltages of the change width indicated with an alternate 
long and short dash line are different from each other. 
Since the output voltages are different from each other, 
the output voltages of the MR sensors 23a and 23b are 5 
made to be V A and V B when the rotational angle indi- 
cated with symbol 6 0 is the same. The accuracy of the 
rotational angles of the input shaft 21 a and the output 
shaft 21b calculated by using the foregoing output volt- 
ages and that of the rotational torque calculated in jo 
accordance with the difference in the rotational angle 
deteriorate. In FIG. 74, the difference in the output volt- 
age between the MR sensors 23a and 23b are high- 
lighted for the convenience of description. 
[0548] The difference in the inclination is caused is 
from the difference in the output characteristics of the 
MR sensors 23a and 23b. The output characteristics 
are changed owing to the ambient temperature. In addi- 
tion, change with time occurs. The difference in the 
medium point voltage is caused from the difference in 20 
the air gap between each of the MR sensors 23a and 
23b and the targets 250 opposite to the MR sensors 23a 
and 23b. To eliminate the difference in the output volt- 
age caused as shown in FIG. 74, the MR sensors 23a 
and 23b must have identical characteristics and the 25 
accuracy of mounting the MR sensors 23a and 23b 
must be improved as much as possible. The foregoing 
requirements cannot easily Simultaneously, be satisfied 
[0549] In the present invention, the signal process- 
ing unit 35 calculates the rotational torque such that out- . 30 
put voltages of the MR sensors 23a and 23b (or MR 
sensor 24a and the MR sensor 24b) are not used as it 
is. Results of multiplication of the output voltages with 
corrective gain set as follows so as to eliminate an error 
in the calculation of the torque caused from the differ- 35 
ence in the output voltages of the MR sensors 23a and 
23b (or MR sensor 24a and the MR sensor 24b). 
[0550] FIG. 75 is a flow chart showing the contents 
of the process for setting the corrective gain. The oper- 
ation for setting the corrective gain is performed as an 40 
interruption processing which is performed between cal- 
culations of the rotational torque which is performed at 
predetermined sampling intervals for each of the MR 
sensors 23a, 23b, 24a and 24b. The following descrip- 
tion is performed about the MR sensors 23a and 23b 45 
opposite to the targets 250 of the input shaft 21a and 
the output shaft 21b at the aligning positions in the cir- 
cumferential direction. 

[0551] The signal processing unit 35 monitors the 
output voltages of the MR sensors 23a and 23b sequen- so 
tially fetched so as to be used in the calculations of the 
rotational angle and the rotational torque. The signal 
processing unit 35 waits for a moment of time at which 
each of the input shaft 21 a and the output shaft 21b has 
rotated by an angular degree corresponding to one tar- 55 
get 250 (S901 ). When a judgement is made that rotation 
corresponding to one target 250 has been completed, 
the signal processing unit 35 obtains output voltages 



V A1 and of the MR sensor 23a and output voltages 
V B1 and V B2 of the MR sensor 23b at the two ends of a 
predetermined rotational angle range A8 (S902). 
[0552] FIG. 76 is a graph showing the operation for 
setting the corrective gain. Similarly to FIG. 74, change 
in the output voltage of each of the MR sensors 23a and 
23b in a period in which one target 250 passes, that is, 
change in the output voltages in one period is indicated 
with a solid line. Moreover, the output voltage of the MR 
sensor 23b is indicated with a short dashed line. In 
S901 , a reference to the output voltages of the MR sen- 
sors 23a and 23b in one period shown in FIG. 76 is 
made. In S902, voltages V A1 and and voltages V B1 
and V B2 at the two ends of the rotational angle range A8 
are obtained. Note that A9 may arbitrarily be set in an 
angular range which is included in the linearly-changed 
region. 

[0553] Then, the signal processing unit 35 applies 
the voltages V A1 and and voltages V Bl and V B2 at 
the two ends to the following equations to calculate sen- 
sor gains K A and K B (S903). 

Ka = (V A1 -V^Ae (11) 

K B = ( V Bi -V B2 )/A6 (12) 

[0554] The sensor gains K A and K B calculated from 
the above-mentioned equations represent the change 
rates (inclinations) of the output voltages in the linearly- 
changed regions of the MR sensors 23a and 23b as can 
be understood from FIG. 76. 

[0555] Then, the voltages V A1 and and voltages 
V B1 and V B2 at the two ends are applied to the following 
equations to calculate average sensor gain K m of the 
two MR sensors 23a and 23b (S904): 

K m ={(V A1 -V A2 )/2-(V Bl -V B2 )/2}A6 (13) 
= {( V Ai - V A2)-< V B1 -V B2 )}/2A9 

[0556] The average sensor gain K m calculated from 
the foregoing equation represents the change rate of 
the average value of the output voltages of the MR sen- 
sors 23a and 23b in the linearly-changed region, that is, 
the inclination of the straight line indicated with an alter- 
nate long and short dash line shown in FIG. 76. 
[0557] Finally, the signal processing unit 35 applies 
the sensor gains K A and K B calculated in S903 and the 
average sensor gain K m calculated in S904 to the fol- 
lowing equations to calculate corrective gains K A0 and 
Kso with which the actual outputs for the MR sensors 
23a and 23b are multiplied (S905). 

K A o = K m /K A (14) 

K 80 = K m /K B (15) 

[0558] The corrective gain K A0 and Kqq calculated 
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from the foregoing equations are corrective values to 
make the peculiar sensor gains K A and K B of the MR 
sensors 23a and 23b to coincide with the average sen- 
sor gain K m . Results of multiplying the actual output 
voltages of the MR sensors 23a and 23b with the sensor 5 
gains K A0 and K B0 are indicated with points on the aver- 
age characteristics indicated with an alternate long and 
short dash line shown in FIG. 76. Thus, the error com- 
ponents included in the output voltages of the MR sen- 
sors 23a and 23b caused from the difference in the w 
output characteristics and the difference in the air gap 
from the corresponding targets 250 can be eliminated. 
[0559] The calculation of the rotational torque which 
is performed by the signal processing unit 35 is per- 
formed such that the actual output voltages V A and V B 15 
of the MR sensors 23a and 23b are not used as it is. As 
an alternative to this, values obtained by multiplying the 
foregoing actual output voltages with the corrective 
gains and K B0 calculated in the equations (14) and 
(15) are employed. Thus, accurate results of calcula- 20 
tions of the rotational torque from which the error com- 
ponents have been omitted can be obtained. Note that 
the calculated corrective gains K A0 and K B0 are applied 
to the output voltages V A and V B obtained during a next 
(n + 1 th) passing of the targets 250 following the. 25 
present (n the) passing. 

[0560] The signal processing unit 35 repeats the 
operations in S901 to S905 until a predetermined oper- 
ation interruption condition, such as shutdown of elec- 
tric power, is satisfied (S906). Thus, the rotational 30 
torque can accurately be calculated at any moment of 
time during the calculation. Thus, a variety of controls, 
such as control of the electric motor for assisting steer- 
ing, can satisfactorily be performed. 

[0561] Although the foregoing embodiment has 35 
been described about the application to the purpose for 
detecting the rotational torque (the steering torque) of 
the steering shaft for connecting the steering wheel 1 
and the steering mechanism of the steering apparatus 
for an automobile, the torque detecting device accord- 40 
ing to the present invention may, of course, widely be 
applied to the purpose for detecting the rotational torque 
of a rotating shaft. 

(Twenty-Eighth Embodiment) 45 

[0562] FIG. 77 is a schematic view showing the 
construction of a rotational angle detecting device and a 
torque detecting device (hereinafter called an "device of 
the present invention") according to the present inven- so 
tion and applied to the steering apparatus for an auto- 
mobile. As shown in FIG. 77, an input shaft (a first shaft) 
21a having an upper end connected to a steering wheel 
1 and an output shaft (a second shaft) 21b having a 
lower end connected to a pinion gear 3 of a steering 55 
mechanism are coaxially connected to each other 
through a torsion bar 6 having a small diameter. Thus, a 
steering shaft 21 for connecting the steering wheel 1 



and the steering mechanism is constructed. The rota- 
tional angle detecting device and the torque detecting 
device according to the present invention are con- 
structed adjacent to a portion in which the input shaft 
21 a and the output shaft 21b are connected to each 
other. The constructions will now be described. 
[0563] A disc-shape target plate 25 is coaxially fit- 
ted and secured to the input shaft 21 a at a position adja- 
cent to the portion for connecting the output shaft 21 b. A 
plurality of targets (8 in figure) 250 are parallelly pro- 
vided on the circumferential surface of the target plate 
25 by same intervals. The targets 250 are inclined with 
respect to the axial direction of the input shaft 21a to 
which the target plate 25 has been fit by substantially 
the same angles. 

[0564] A similar target plate 25 is fitted and secured 
to the output shaft 21 b at a position adjacent to the por- 
tion in which the output shaft 21b and the input shaft 
21a are connected to each other. A plurality of targets 
250 each of which is inclined by substantially the same 
angle with respect to the axial direction of the output 
shaft 21 b to which the target plate 25 has been fitted are 
provided on the circumferential surface of the target 
plate 25. The targets 250 are aligned to the targets 250 
of the input shaft 21a in the circumferential direction. 
[0565] Two sensor boxes 231 and 241 are disposed 
on the outside of the target plate 25 to, from different 
positions, face the outer ends of the targets 250 pro- 
vided on the circumferential surface of the target plate 
25. The sensor boxes 231 and 241 are secured and 
supported by a stationary portion, such as a housing 
which supports the input shaft 21a and the output shaft 
21b. 

[0566] The sensor box 231 includes an MR sensor 
23a disposed opposite to the targets 250 for the input 
shaft 21a and an MR sensor 23b disposed opposite to 
the targets 250 for the output shaft 21b. The MR sensor 
23a and the MR sensor 23b are accurately aligned in 
the circumferential direction. Similarly, the sensor box 
241 includes an MR sensor 24a disposed opposite to 
the targets 250 for the input shaft 21a and an MR sen- 
sor 24b disposed opposite to the targets 250 for the out- 
put shaft 21b. The MR sensor 24a and the MR sensor 
24b are accurately aligned in the circumferential direc- 
tion. 

[0567] The MR sensors 23a, 23b, 24a and 24b are 
sensors, such as the magnetoresistance effect ele- 
ments (MR elements), having electric characteristics 
(the resistance) which are changed owing to an action 
of a magnetic field. The output voltages V A , V B , v A and 
v B from each sensor are extracted to the outside of the 
sensor boxes 231 and 241 so as to be supplied to a sig- 
nal processing unit 35 comprising a microprocessor. 
[0568] FIG. 78 is a graph showing an example of 
change in the output voltages of the MR sensors 23a, 
23b, 24a and 24b. The axis of abscissa of the graph 
stands for the rotational angle of the input shaft 21a or 
the output shaft 21b. A solid line in the graph indicates 
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the output voltages of the MR sensors 23a and 24a for 
the input shaft 21a. A short dashed line indicates the 
output voltages of the MR sensors 23b and 24b for the 
output shaft 21b. 

[0569] As described above, the MR sensors 23a, 5 
23b, 24a and 24b are disposed opposite to the targets 
250 which are provided on the circumferential surfaces 
of the input shaft 21a and output shaft 2ib to make a 
predetermined angle of inclination and each of which is 
made of magnetic material. The length of each of the w 
targets 250 is finite in the circumferential direction of the 
input shaft 21 a or the output shaft 21 b. Thus, a discon- 
tinuous portion is present among the targets 250. 
Therefore, when the input shaft 21a and output shaft 
21b have been rotated around the axis, the MR sensors 75 
23a, 23b, 24a and 24b output voltage signals which are 
linearly changed to correspond to change in the rota- 
tional angle of the input shaft 21 a or the output shaft 21 b 
during passing of the corresponding targets 250. When 
the discontinuous portion between the adjacent targets 20 
250 passes, voltage signals which are nonlinearly 
changed to correspond to the change in the rotational 
angle are outputted. 

[0570] As a result, the output voltages of the MR 
sensors 23a, 23b, 24a and 24b are, as shown in FIG. 25 
78, the region (the linearly-changed region) in which the 
linear change occurs during each target 250 passes 
and the region (nonlinearly-changed region) in which 
the nonlinear change occurs during each discontinuous 
portion between each target 250 passes are repeated 30 
during passing of each of the targets 250. The period of 
the repetition corresponding to the number of the tar- 
gets 250 provided on the circumferential surface of the 
target plate 25. In a case where 8 targets 250 are pro- 
vided on the circumferential surface of the target plate 35 
25, the foregoing repetition occurs such that a period of 
time in which the input shaft 21 a or the output shaft 21b 
is rotated by 45° (= 360°/8). 

[0571] The output voltages V A and v A of the MR 
sensors 23a and 24a correspond to the rotational angle 40 
of the input shaft 21a provided with the corresponding 
targets 250. The output voltages V B and v B of the MR 
sensors 23b and 24b correspond to the rotational angle 
of the output shaft 21b provided with the opposite tar- 
gets 250. Therefore, the rotational angle of the input as 
shaft 21 a can be calculated in accordance with the out- 
put voltages V A and v A of the MR sensors 23a and 24a. 
The rotational angle of the output shaft 21b can be cal- 
culated in accordance with the output voltages V B and 
v B of the MR sensors 23b and 24b. 50 
[0572] The voltage difference AV (= V A - V B ) 
between the output voltage V A of the- MR sensor 23a 
and the output voltage V B of the MR sensor 23b or the 
voltage difference Av (= v A - v B ) between the output volt- 
age v A of the MR sensor 24a and the output voltage v B 55 
of the MR sensor 24b corresponds to the position devi- 
ation in the circumferential direction occurring between 
the targets 250 for the input shaft 21a and the targets 



250 for the output shaft 21b. That is, the foregoing differ- 
ences correspond to the difference in the rotational 
angle (the relative displacement of the angle) between 
the input shaft 21a and the output shaft 21b. The rela- 
tive displacement of the angle corresponds to the 
amount of twisting amount generated in the torsion bar 
6 for connecting the input shaft 21 a and the output shaft 
21b to each other when the rotational torque applied on 
the input shaft 21a acts. Therefore, the rotational torque 
applied on the input shaft 21a can be calculated in 
accordance with the calculated voltage difference aV or 
Av. 

[0573] The foregoing calculations of the rotational 
angle and the rotational torque are performed in the sig- 
nal processing unit 35 to which the output voltages of 
the MR sensors 23a, 23b, 24a and 24b are inputted. 
The procedure of the foregoing calculating process has 
been described. Therefore, the procedure is omitted 
from description. 

[0574] The reason why two MR sensors 23a and 
24a and two MR sensors 23b and 24b are provided on 
the outside of the targets 250 for the input shaft 21 a and 
the output shaft 21b wilt now be described. That is, 
incorrect calculation of the rotational torque using the 
uncertain output obtainable in the nonlinearly-changed 
region shown in FIG. 78 must be prevented. The two 
MR sensor 23a and 23b in the sensor box 231 and the 
two MR sensor 24a and 24b in the other sensor box 241 
are disposed opposite to each other such that the 
phases are shifted by a half period in the circumferential 
direction of each target plate 25. As shown in FIG. 78, 
when either pair of the outputs is in the nonlinear region, 
the other pair of the outputs is in the linearly-changed 
region. The signal processing unit 35 selects either of 
the pair of the MR sensors 23a and 23b or the pair MR 
sensor 24a and the MR sensor 24b which is present in 
the linearly-changed region. The outputs and the differ- 
ence in the output of the selected pair are used to calcu- 
late the rotational angle and the rotational torque. 
[0575] In this embodiment, the construction is 
arranged such that the targets 250 are provided for the 
input shaft (the first shaft) 21 a and the output shaft (the 
second shaft) 21b connected to each other through the 
torsion bar 6. When a rotating shaft having a known tor- 
sional characteristic is detected, a construction may be 
employed in which the targets 250 are directly disposed 
at positions apart from each other in the axial direction 
of the rotating shaft. Moreover, the rotational torque is 
calculated in accordance with the difference in the out- 
put of the MR sensors (the magnetic sensors) disposed 
opposite to the targets 250. 

[0576] To accurately calculate the rotational angle 
and the rotational torque, change in the output in the lin- 
early-changed region for use in the calculation stably 
occurs. To achieve this, the targets 250 of the input shaft 
21a opposite to the MR sensors 23a and 24a and the 
targets 250 for the output shaft 21b opposite to the MR 
sensors 23b and 24b must have high accuracy of the 
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shape including the concentricity with respect to the two 
shafts 21a and 21b and accurate angle of inclination 
with respect to the axial direction of the two shafts 21a 
and 21b. 

[0577] In the device of the present invention, the 
targets 250 is, as shown in FIG. 77, integrally formed 
with the circumferential surface of the target plate 25 fit- 
ted and secured to the input shaft 21a and output shaft 
21b and formed into the disc-like shape. 
[0578] FIG. 79 is a perspective view showing the 
shape of the target plate 25. FIG. 80A and FIG. 80B are 
diagram showing a procedure for manufacturing the tar- 
get plate 25. As shown in FIG. 79, the target plate 25 is 
a disc -shape plate having a fitting hole 215 in the axis 
thereof. The fitting hole 251 has an inner diameter cor- 
responding to the outer diameter of the input shaft 21a 
or the output shaft 2 1 b. The outer periphery of the target 
plate 25 is divided into a plurality of sections (8 in the 
illustrated case) in the circumferential direction such 
that each section has a predetermined width in the 
inward portion of the outer end of the target plate 25. 
The target plate 25 is bent to cause each section to face 
the same direction. Thus, 8 targets 250 each having the 
above-mentioned shape are integrally formed. 
[0579] When the foregoing target plate 25 is manu- 
factured, a material plate P having the fitting hole 251 at 
the axis thereof and formed into an annular shape is 
employed. The material plate P is manufactured by 
punching a thin plate made of magnetic material which 
may be a low-cost material, such as SPCC (Carbon 
Steels for machine structural use of Japanese Industrial 
Standard (JIS)). The fitting hole 251 is a through hole so 
as to be fitted to the input shaft 21a or the output shaft 
21b from outside. The illustrated material plate P inte- 
grally comprises an edging boss portion 252 having a 
proper length. 

[0580] As shown in FIG. 80A, the target plate 25 is 
manufactured by steps of coaxially placing the material 
plate P between an upper mold 80 and a lower mold 90; 
approaching the upper mold 80 and the lower mold 90; 
sandwiching the material plate P between the molds 80 
and 90; and applying a predetermined pressing load F 
in the vertical direction. 

[0581] As shown in FIG. 80A, eight tapered sur- 
faces 90a each of which is inclined in the same direction 
with respect to the axial direction to make a predeter- 
mined angle are formed on the upper surface of the 
lower mold 90. The tapered surfaces 90a are inwards 
formed from the outer end to have a predetermined 
width at the same intervals in the circumferential direc- 
tion, Also the lower surface of the upper mold 80 has 
tapered surfaces 80a similar to the tapered surfaces 
90a. The circumferential surface of the material plate P 
held between the molds 80 and 90 is bent along the 
tapered surfaces 80a and 90a owing to the applied 
pressing load F. Then, the material plate P is sheared 
along the joint portion between the outer ends of the 
tapered surfaces 80a and 90a. 



[0582] Therefore, the upper mold 80 and the lower 
mold 90 are separated from each other after the forego- 
ing press-working process. Then, the molded product is 
removed. Thus, the bent portion formed along the 

5 tapered surfaces 80a and 90a is supplied from each 
other owing to the shearing process. Thus, as shown in 
FIG. 79, target plate 25 can be manufactured which has 
the targets 250 formed integrally with the outer end. 
[0583] As shown in FIG. 80A and FIG. 80B, the 

w upper mold 80 has a center through hole 81 capable of 
receiving the boss portion 252 formed at the axis of the 
material plate P. The center hole 81 receives the boss 
portion 252 projecting over the axis of the material plate 
P during the molding operation to prevent deviation of 

15 the position of the material plate P. The boss portion 252 
maintains the shape formed before the molding process 
such that collapse between the upper mold 80 and the 
lower mold 90 can be prevented. The thus-manufac- 
tured target plate 25 is fitted to the input shaft 21 a and 

20 the output shaft 21b from outside through the boss por- 
tion 252 as shown in FIG. 77. Any one of mounting 
methods including press-fitting, bonding or welding is 
employed to secure the target plate 25 in both of the cir- 
cumferential direction and the axial direction, the target 

25 plate 25 being mounted coaxially with the two shafts 
21a and 21b. 

[0584] The targets 250 of the target plate 25 manu- 
factured as described above is formed by the pressing 
process performed between the tapered surface 80a of 
30 the upper mold 80 and the tapered surface 90a of the 
lower mold 90. Therefore, the targets 250 realizes high 
accuracy of the shape thereof including the angle of 
inclination with respect to the axial direction and the 
r length in the circumferential direction. Therefore, calcu- 
35 lations of the rotational angle and the rotational torque 
in accordance with the outputs of the MR sensors 23a, 
23b, 24a and 24b disposed opposite to the targets 250 
can considerably accurately be performed. 
[0585] On the other hand, the target plate 25 can 
40 easily be manufactured by one pressing operation per- 
formed between the upper mold 80 and the lower mold 
90 shown in FIG. 80A and FIG. 80B. The material of the 
target plate 25 may be a low-cost thin plate made of 
magnetic material. Therefore, the magnitude cost can 
45 be reduced. 

[0586] In this embodiment, the material plate P inte- 
grally comprising the boss portion 252 for edging the fit- 
ting hole 251 is employed. The boss portion 252 may be 
formed together with the targets 250 in the press-work- 
so ing process which is performed between the upper mold 
80 and the lower mold 90. The boss portion 252 is 
formed by providing a projection which can be inserted 
into the center hole 81 of the upper mold 80 for the axis 
portion of the upper surface of the lower mold 90 and by 
55 bending the inner end of the fitting bole 251 at a position 
between the provided projection and the center hole 81 . 
[0587] In this embodiment, application is performed 
to the purpose for detecting the rotational angle (the 
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steering angle) and the rotational torque (the steering 
torque) of the steering shaft 21 for connecting the steer- 
ing wheel 1 and the steering mechanism of the steering 
apparatus for an automobile. As a matter of course, the 
device according to the present invention may widely be 
applied to the purpose for detecting the rotational angle 
and/or the rotational torque of the rotating shaft. 

(Twenty-Ninth Embodiment) 

[0588] FIG. 81 is a schematic view showing the 
construction of the torque detecting device according to 
the present invention. As shown in FIG. 81, an input 
shaft (a first shaft) 21a having an upper end connected 
to a steering wheel 1 and an output shaft (a second 
shaft) 21b having a lower end connected to a pinion 
gear 3 of a steering mechanism are coaxiaily connected 
. to each other through a torsion bar 6 having a small 
diameter. Thus, a steering shaft 21 for connecting the 
steering wheel 1 and the steering mechanism is con- 
structed. The torque detecting device according to the 
present invention are constructions adjacent to a por- 
tion in which the input shaft 21a and the output shaft 
21b are connected to each other. The constructions will 
now be described. 

[0589] A disc-shape target plate 25 is coaxiaily fit- 
ted and secured to the input shaft 21 a at a position adja- 
cent to the portion for connecting the output shaft 21 b. A 
plurality of targets (10 in figure) 250 are integrally 
formed on the outer surface of the target plate 25 by 
same intervals. The targets 250 are protrusions each of 
which is made of magnetic material and which are 
inclined with respect to the axial direction of the input 
shaft 21a to which the target plate 25 has been fit by 
substantially the same angles. A similar target plate 25 
is fitted and secured to the output shaft 21 b at a position 
adjacent to the portion in which the output shaft 21 b and 
the input shaft 21a are connected to each other. A plu- 
rality of targets 250 each of which is inclined by sub- 
stantially the same angle with respect to the axial 
direction of the output shaft 21 b to which the target plate 
25 has been fitted are provided on the circumferential 
surface of the target plate 25. The targets 250 are 
aligned to the targets 250 of the input shaft 21a in the 
circumferential direction. 

[0590] Two sensor boxes 231 and 241 are disposed 
on the outside of the target plate 25 to, from different 
positions, face the outer ends of the targets 250 pro- 
vided on the circumferential surface of the target plate 
25. The sensor boxes 231 and 241 are secured and 
supported by a stationary portion, such as a housing 
which supports the input shaft 21 a and the output shaft 
21b. 

[0591] The sensor box 231 includes an MR sensor 
23a disposed opposite to the targets 250 for the input 
shaft 21a and an MR sensor 23b disposed opposite to 
the targets 250 for the output shaft 21 b. The MR sensor 
23a and the MR sensor 23b are accurately aligned in 



the circumferential direction. Similarly, the sensor box 
241 includes an MR sensor 24a disposed opposite to 
the targets 250 for the input shaft 21a and an MR sen- 
sor 24b disposed opposite to the targets 250 for the out- 
5 . put shaft 21b. The MR sensor 24a and the MR sensor 
24b are accurately aligned in the circumferential direc- 
tion. 

[0592] The MR sensors 23a, 23b, 24a and 24b are 
sensors, such as the magnetoresistance effect ele- 

w ments (MR elements), having electric characteristics 
(the resistance) which are changed owing to an action 
of a magnetic field. The output voltage of each sensor is 
changed according to change in the ambient magnetic 
field. Outputs V A , V B , v A and v B of the M R sensors 23a, 

75 23b, 24a and 24b are extracted to the outside of the 
sensor boxes 231 and 241 so as to be supplied to a sig- 
nal processing unit 35 comprising a microprocessor. 
[0593] FIG. 82 is graph showing an example of 
change in. the output voltages of the MR sensors 23a, 

20 23b. 24a and 24b. The axis of abscissa of the graph 
stands for the rotational angle of the input shaft 21 a or 
the output shaft 21b. A solid line in the graph indicates 
the output voltages of the MR sensors 23a and 24a for 
the input shaft 21a. A short dashed line indicates the 

25 output voltages of the MR sensors 23b and 24b for the 
output shaft 21b. 

[0594] As described above, the MR sensors 23a, 
23b, 24a and 24b are disposed opposite to the targets 
250 which are provided on the circumferential surfaces 

30 of the input shaft 21a and output shaft 21b to make a 
predetermined angle of inclination and each of which is 
made of magnetic material. The length of each of the 
targets 250 is finite in the circumferential direction of the 
input shaft 21 a or the output shaft 21b. Thus, a discon- 

35 tinuous portion is present among the targets 250. 
Therefore, when the input shaft 21a and output shaft 
21b have been rotated around the axis, the MR sensors 
23a, 23b, 24a and 24b output voltage signals which are 
linearly changed to correspond to change in the rota- 

40 tional angle of the input shaft 21 a or the output shaft 21b 
during passing of the corresponding targets 250. When 
the discontinuous portion between the adjacent targets 
250 passes, voltage signals which are nonlinearly 
changed to correspond to the change in the rotational 

45 angle are outputted. 

[0595] As a result, the output voltages of the MR 
sensors 23a, 23b, 24a and 24b are, as shown in FIG. 
82, the region (the linearly-changed region) in which the 
linear change occurs during each target 250 passes 

so and the region (nonlinearly-changed region) in which 
the nonlinear change occurs during each discontinuous 
portion between each target 250 passes are repeated 
during passing of each of the targets 250. The period of 
the repetition corresponding to the number of the tar- 

55 gets 250 provided on the circumferential surface of the 
target plate 25. in a case where 10 targets 250 are pro- 
vided on the circumferential surface of the target plate 
25, the foregoing repetition occurs such that a period of 
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time in which the input shaft 21 a or the output shaft 21 b 
is rotated by 36° (= 360 c /10). 

[0596] The output voltages V A and v A of the MR 
sensor 23a and 24a correspond to the rotational angle 
of the input shaft 21a provided with the targets 250 to 5 
which the MR sensors 23a and 24a are disposed to 
opposite. The output voltages V B and v B of the MR sen- 
sors 23b and 24b correspond to the rotational angle of 
the output shaft 2ib provided with the targets 250 to 
which the MR sensors 23b and 24b are disposed to w 
opposite. Therefore, the voltage difference aV (= V A - 
V B ) between the output voltage V A of the MR sensor 
23a and the output voltage V B of the MR sensor 23b or 
the voltage difference Av (= v A - v B )between the output 
voltage v A of the MR sensor 24a and the output voltage is 
v B of the MR sensor 24b correspond to an amount of 
deviation of the position in the circumferential direction 
generated between the targets 250 for the input shaft 
21 a and the targets 250 for the input shaft 21 a. That is, 
the foregoing difference corresponds to the difference 20 
(relative displacement of the angle) in the rotational 
angle between the input shaft 21a and the output shaft 
21b. The relative displacement of the angle corre- 
sponds to an amount of twisting generated in the torsion 
bar 6 for connecting the input shaft 21a and the output 25 
shaft 21b when the rotational torque which is applied on 
the input shaft 21a is effective. Thus, the rotational 
torque (the steering torque) applied on the input shaft 
21a can be calculated in accordance with the voltage 
difference AV or A v. 30 
[0597] The reason why the two MR sensors 23a 
and 24a and the two MR sensors 23b and 24b are dis- 
posed on the outside of the targets 250 of the input shaft 
21a and the output shaft 21b will now be described. An 
uncertain output obtainable in the nonlinearly-changed 35 
region shown in FIG. 82 must be omitted when the cal- 
culation of the rotational torque is performed. The two 
MR sensor 23a and 23b in the sensor box 231 and the 
two MR sensor 24a and 24b in the other sensor box 24 1 
are disposed opposite to each other such that the 40 
phases are shifted by a half period in the circumferential 
direction of each target plate 25. As shown in FIG. 82, 
when either pair of the outputs is in the nonlinear region, 
the other pair of the outputs is in the linearly-changed 
region. 45 
[0598] The calculation of the rotational torque is 
performed by the signal processing unit 35 to which the 
output voltages of the MR sensors 23a, 23b, 24a and 
24b are inputted. The signal processing unit 35 selects 
either pair from a pair consisting of the MR sensors 23a 50 
and 23b and a pair consisting of the MR sensor 24a and 
the MR sensor 24b which is present in the linearly- 
changed region. The outputs and the difference in the 
output of the selected sensors are used to calculate the 
torque. Since the calculating procedure has been 55 
described, the procedure is omitted from description. 
[0599] To accurately calculate the rotational torque, 
change in the output of the MR sensors 23a and 23b 



and the MR sensors 24a and 24b in the linearly- 
changed region for use in the calculation stably occurs. 
However, the torsion bar 6 for connecting the input shaft 
21a and the output shaft 21b is twisted owing to the 
rotational torque applied on the input shaft 21 a. Moreo- 
ver, there is apprehension that deflection and deforma- 
tion of the torsion bar 6 occur in the cross section 
including the axis. The influence of the deflection and 
deformation causes change in the output of the MR sen- 
sors 23a and 23b and the MR sensor 24a and the MR 
sensor 24b to become unstable. Therefore, the accu- 
racy of calculating the rotational torque sometimes 
determines. 

[0600] FIG. 83A, FIG. 83B and FIG. 83C are dia- 
gram showing an influence of the deflection of the tor- 
sion bar 6 on the output of the MR sensor. The torque 
detecting device constructed as described above com- 
prises the target plate 25 fitted to the input shaft 21 a 
and the output shaft 21 b connected to each other by the 
torsion bar 6; and the MR sensor 23a and the MR sen- 
sor 23b (the MR sensor 24a and MR sensor 24b are 
omitted from illustration) provided on the circumferential 
surface of the target plate 25. 

[0601] FIG. 83A shows a state in which the torsion 
bar 6 is free from deflection. When the input shaft 21a 
and the output shaft 21b have been rotated in the fore- 
going state, the target plate 25 fitted to each of the input 
shaft 21a and the output shaft 21b rotates while main- 
taining its attitude. Thus, the relationship of the position 
from the MR sensors 23a and 23b disposed on the cir- 
cumferential surface of the target plate 25 is not 
changed. 

[0602] FIG. 83B and FIG. 83C shows a state in 
which deflection of the torsion bar 6 has occurred. 
When the input shaft 21a and the output shaft 21 b have 
been rotated in the foregoing state, individual rotation 
occurs at the connection end of the torsion bar 6 to cor- 
respond to the angle of deflection. Thus, movement 
having width of Y 1 and Y 2 in the axial direction occurs at 
the outer end of the target plate 25 in opposite direc- 
tions. Thus, an air gap between the MR sensors 23a 
and 23b disposed opposite to each other is changed. 
[0603] The states shown in FIG. 83B and FIG. 83C 
are repeatedly realized such that one rotation of the 
input shaft 21a and the output shaft 21b is one period. 
Therefore, the fluctuation component corresponding to 
the movement widths ±Y-, and ±Y 2 are superimposed 
on the output of the MR sensors 23a and 23b opposite 
to the target plate 25. The rotational torque calculated in 
accordance with the output including the fluctuation 
component includes an error corresponding to the 
movement widths ±Y} and ±Y 2 . As a result, the calculat- 
ing accuracy of the rotational torque deteriorates. 
[0604] To prevent the deterioration in the detecting 
accuracy, the present invention is constructed as fol- 
lows. 

[0605] FIG. 84 is a vertical cross sectional view 
showing an essential portion of a steering apparatus for 
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an automobile comprising the torque detecting device 
according to the present invention. Referring to FIG. 84, 
reference numeral 21a represents an input shaft and 
21b represents an output shaft. Both of the input shaft 
21a and the output shaft 21 b are hollow shafts which 5 
are coaxially connected to each other through a torsion 
bar 6 having a smaller diameter and inserted into the 
hollow portions. The input shaft 21a and the output 
shaft 21b are rotatively supported in a common housing 
formed into a cylindrical shape. 10 
[0606] The housing is constructed by coaxially inte- 
grating a sensor housing H 1 for the input shaft 21a and 
a transmission housing H 2 for the output shaft 21 b. The 
upper end of the input shaft 21a projecting over (in the 
right-hand portion of the drawing) the sensor housing 15 

is connected to a steering wheel (not shown) through 
an upper shaft (a steering column) 2. Thus, rotational 
torque applied on the steering wheel for steering acts 
through the upper shaft 2. Moreover, the lower end of 
the output shaft 21b downwards projecting (the left- 20 
hand portion of the drawing) over the transmission 
housing H 2 is connected to a steering mechanism (not 
shown) through connecting members including a uni- 
versal joint. Thus, rotations of the output shaft 21b are 
transmitted to the steering mechanism so that steering 25 
is performed. 

[0607] The output shaft 21b is supported by pair- 
wise bearings (ball bearings) 9c and 9b secured to the 
transmission housing H 2 and the lower opening of the 
sensor housing H 1f the output shaft 21b is being sup- 30 
ported in an inboard support manner. A worm wheel 1 6 
is coaxially secured between the support positions. A 
worm gear 1 7 integrally formed with an output end of an 
electric Motor 14 for assisting steering is engaged to the 
circumferential surface of the worm wheel 16. Thus, 35 
rotations of the electric motor 14 are transmitted to the 
output shaft 21b at a predetermined reduction ratio 
through the worm gear 1 7 and the worm wheel 16. 
[0608] The sensor housing includes the target 
plate 25 secured to each of the input shaft 21a and the 40 
output shaft 21 b; and the MR sensors 23a and 23b dis- 
posed opposite to the target plate 25. Thus, the torque 
detecting device according to the present invention is 
constructed. 

[0609] The target plate 25 is a disc-shape member. 45 
having a plurality of the targets 250 formed as described 
above and provided on the circumferential surface 
thereof. Either of the target plate 25 is press-fit to the 
upper end of the output shaft 21b projecting over the 
bearing 9b through the boss portion coaxially project- so 
ing. Thus, the target plate 25 is able to integrally rotate 
together with the output shaft 21b. The other target 
plate 25 is fitted to an intermediate portion of the input 
shaft 21a through the projecting boss portion so as to 
be secured to the target plate 25 for the output shaft 21b 55 
by press-fitting such that the circumferential positions 
are aligned. Thus, the target plate 25 is able to integrally 
rotate together with the input shaft 21a. 



[0610] A limiting ring 29 formed into an annular 
shape having a rectangular cross section is engaged 
and supported by the input shaft 21a at a position 
between the target plates 25. The limiting ring 29 has 
two sides brought into contact with the opposite sur- 
faces of the target plates 25. 

[0611] The MR sensors 23a and 23b are disposed 
in the sensor box 231 secured to the wall of the sensor 
housing H 1 such that the MR sensors 23a and 23b are 
disposed opposite to the circumferential surface of the 
target plate 25 having the targets 250. As described 
above, the MR sensors 23a and 23b are the MR sen- 
sors capable of generating outputs which are changed 
to correspond to passing of the targets 250 caused from 
rotation of the input shaft 21a or the output shaft 21b. 
The outputs of the MR sensors 23a and 23b are sup- 
plied to the signal processing unit 35. 
[0612] The signal processing unit 35 calculates, as 
described above, the rotational torque applied on the 
input shaft 21a in accordance with the difference in the 
output between the MR sensors 23a and 23b. FIG. 84 
shows one MR sensor 23a and one MR sensor 23b for 
each of the target plates 25 engaged to and supported 
by the input shaft 21a and the output shaft 21 b such that 
the MR sensors 23a and 23b are disposed opposite to 
the target plates 25. However, it is preferable that two 
MR sensors 23a and 24a and two MR sensors 23b and 
24b are disposed opposite to each other as shown in 
FIG. 81 . Thus, the MR sensors 23a and 23b or MR sen- 
sor 24a and the MR sensor 24b are selected to use in 
the calculation of the rotational torque. 
[0613] As shown in FIG. 84, the torque detecting 
device according to the present invention comprises the 
limiting ring 29 interposed between the opposite target 
plates 25 to which the MR sensors 23a and 23b are 
opposite. The two sides of the limiting plat 29 are 
brought into contact with the opposite surfaces of the 
target plates 25. Thus, inclination of the target plate 25 
is limited in the plane including the axis of each of the 
input shaft 21 a and output shaft 21b. Thus, the target 
plate 25 rotates without any movement of the outer end 
to correspond to the rotations of the input shaft 21a and 
the output shaft 21 b. Therefore, change in the air gap 
between the targets 250 provided on the circumferential 
surface of the target plates 25 and the MR sensors 23a 
and 23b can considerably be prevented. Therefore, 
change factor of the air gap which is superimposed on 
the outputs of the MR sensors 23a and 23b can be 
reduced. As a result, calculation of the rotational torque 
which is performed by the signal processing unit 35 can 
accurately be performed. 

[0614] The limiting member for limiting inclination of 
the target plate 25 may arbitrarily be constructed. The 
limiting ring 29 formed into the annular shape having the 
rectangular cross section can easily be manufactured. 
Moreover, fitting can easily be performed by engaging 
the input shaft 21a. When the two sides of the limiting 
ring 29 are brought into contact with the target plates 
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25, a required effect can be obtained. The limiting ring 
29 may be engaged to and supported by the output 
shaft 21b. The shape of the limiting ring 29 is not limited 
to the rectangular cross sectional shape. Thus, an 
annular member having a required shape can be 
employed for limiting ring 29. 

[0615] In the foregoing embodiment, the present 
invention is applied to the purpose for detecting the 
rotational angle (the steering angle) and the rotational 
torque (the steering torque) of the steering shaft 21 for 
connecting the steering wheel 1 and the steering mech- 
anism of the steering apparatus for an automobile. As a 
matter of course, the device according to the present 
invention may widely be applied to the purpose for 
detecting the rotational angle and/or rotational torque of 
a rotating. shaft 

INDUSTRIAL APPLICABILITY 

[0616] In the first invention, the portion of the rotor 
which is magnetically discontinuous in the axial and cir- 
cumferential directions of the rotor is provided on the 
surface of the rotor. The magnetic sensor detects the 
position of the discontinuous portion in the axial direc- 
tion. In accordance with the position detected by the 
magnetic sensor, the rotational angle of the rotor from 
the magnetic sensor as the base point is detected. As a 
result, the rotational angle detecting device which does 
not comprise any contact and sliding portion and which 
realizes satisfactory durability can be realized. 
[0617] In the second invention, the portion of the 
rotor which is magnetically discontinuous in the axial 
and circumferential directions of the rotor is spirally pro- 
vided on the surface of the rotor. Therefore, the position 
of the portion which is magnetically discontinuous in the 
axial direction of the rotor and the rotational angle of the 
rotor made from the magnetic sensor as the base point 
can be made correspond to each other. When the posi- 
tion of the portion which is magnetically discontinuous 
in the axial direction of the rotor is detected, the rota- 
tional angle of the rotor from the magnetic sensor as the 
base point can be detected. As a result, the rotational 
angle detecting device which does not comprise any 
contact and sliding portion and which realizes satisfac- 
tory durability can be realized. 

[0618] In the third invention, the plural portions 
which are magnetically discontinuous are provided on 
the surface of the rotor at the same intervals. Therefore, 
change in the position of the portion which is magneti- 
cally discontinuous in the axial direction of the rotor can 
be enlarged with respect to the rotational angle from the 
magnetic sensor as the base point. Therefore, the 
amplifying gain can be reduced. Thus, satisfactory sta- 
bility against disturbance can be realized. 
[0619] In the fourth invention, the portion which is 
magnetically discontinuous is provided nonlinearly with 
respect to the rotational angle to make an output of the 
magnetic sensor to be linear with respect to the rota- 



tional angle. In particular, the output of the magnetic 
sensor disposed at an end of the portion which is mag- 
netically discontinuous can be made to be linear with 
respect to the rotational angle. Therefore, a rotational 
5 angle detecting device which does not comprise a mul- 
tiplicity of sensors, the cost of which can be reduced 
and which has a linear output characteristic can be real- 
ized. 

[0620] Since the fifth invention is constructed such 
w that the portion which is magnetically discontinuous is 
divided into an axial direction of said rotor at the same 
position of the circumferential direction of said rotor, and 
the divided portions are connected with each other in an 
axial direction of said rotor. Therefore, the rotational 
15 angle detecting device in which the output is free from 
any fluctuation at an end of the portion which is magnet- 
ically discontinuous can be realized. 
[0621] Since the sixth invention has the construc- 
tion such that the portion which is magnetically discon- 
20 tinuous is formed by winding a coil around the 
circumferential surface of the rotor and by welding or 
bonding the coil, time required a processing can be 
shortened. Therefore, the manufacturing cost can be 
reduced. 

25 [0622] Since the seventh invention has the con- 
struction such that the portion which is magnetically dis- 
continuous is formed by irradiating the circumferential 
surface of the rotor with the energy beam, an adjust- 
ment process can easily be completed. Therefore, the 

30 pattern of the portion which is magnetically discontinu- 
ous can accurately and freely be processed. 
[0623] In the eighth invention, the protrusion made 
of the magnetic material is spirally provided on the cir- 
cumferential surface of the rotor. Moreover, the magne- 
ts toresistance effect element detects the position of the 
protrusion in the axial direction of the rotor. In accord- 
ance with the detected position, the rotational angle of 
the rotor from the plural magnetoresistance effect ele- 
ments as the base points of the rotor is detected. As a 

40 result, the rotational angle detecting device which does 
not comprise any contact and sliding portion and which 
realizes satisfactory durability can be realized. 
[0624] In the ninth invention, the torque applied on 
the input shaft is detected in accordance with the tor- 

45 sional angle generated in the connecting shaft for con- 
necting the input shaft and the output shaft. The 
rotational angle detecting device according to any one 
of the first invention to eighth invention is attached to 
each of the input shaft and the output shaft. The rota- 

so tional angle difference detector detects the difference in 
the rotational angle detected by each of the rotational 
angle detecting devices. The detected difference of the 
rotational angle is made to be the torsional angle. Thus, 
a torque detecting device realizing a simple construc- 

55 tion and capable of reducing manufacturing cost can be 
realized. 

[0625] In the tenth invention, the torque applied on 
the input shaft is detected in accordance with the tor- 
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sional angle generated in the connecting shaft for con- 
necting the input shaft and the output shaft. The 
rotational angle detecting device according to any one 
of the first invention to eighth invention is attached to 
each of the input shaft and the output shaft. Thus, the 
difference in the reversed polarity between the detection 
signals outputted from the rotational angle detecting 
devices is calculated by the two first calculators. The 
second calculator calculates the difference in the differ- 
ences calculated by the two first calculators. The differ- 
ence calculated by the second calculator is made to be 
the torsional angle. Thus, the difference between the 
detection signals outputted from the rotational angle 
detecting devices is enlarged. As a result, the amplify- 
ing gain can be reduced. Thus, the torque detecting 
device which is stable against disturbance, which real- 
izes a simple construction and which is able to reduce 
the manufacturing cost can be realized. 
[0626] In the eleventh invention, the input shaft is 
connected to the steering wheel, the electric motor for 
assisting steering is driven and controlled in accordance 
with the steering torque applied on the steering wheel 
and the output shaft is interlocked to the electric motor 
for assisting steering. The torque detecting device 
according to the ninth invention or the tenth invention 
detects the steering torque applied on the input shaft in 
accordance with the torsional angle generated in the 
connecting shaft for connecting the input shaft and the 
output shaft. The rotational angle detecting device 
included in the torque detecting device detects the 
steering angle of the steering wheel. As a result, the 
steering apparatus comprising the torque detecting 
device according to the ninth invention or the tenth 
invention can be realized. Moreover, the steering appa- 
ratus is able to use two rotational angle detecting 
devices according to any one of the first invention to 
eighth invention as the rotational angle detecting 
devices. 

[0627] In the twelfth invention, the portion which is 
magnetically discontinuous is provided for the circum- 
ferential surface of each of the input shaft and the output 
shaft connected to each other by a connecting shaft 
such that the portion which is magnetically discontinu- 
ous is displaced in the axial direction and a circumferen- 
tial direction. The first and second magnetic sensors 
detect the position of the portion which is magnetically 
discontinuous in the axial direction of each of the input 
shaft and the output shaft. The third and fourth mag- 
netic sensors detect the position of the portion which is 
magnetically discontinuous in the axial direction which 
is disposed apart from the positions detected by the first 
and second magnetic sensors. The judging unit judges 
whether or not the positions detected by the first to 
fourth magnetic sensors are included in a predeter- 
mined range. The selector selects the positions for 
detecting the torsional angle of the connecting shaft for 
each of the input shaft and the output shaft. The tor- 
sional angle detector detects the torsional angle in 



accordance with the positions selected by the selector 
so that torque which is applied on the input shaft is 
detected in accordance with the torsional angle 
detected by the torsional angle detector. Therefore, 
5 when a sag portion is present in the characteristic of the 
output voltage of the magnetic sensors, torque can be 
detected. Thus, the torque detecting device can be real- 
ized which is capable of easily managing the accuracy 
of the output voltage of the magnetic sensor when a 
io manufacturing process is performed. 

[0628] In the thirteenth invention, the corrector cor- 
rects the torsional angle detected by the torsional angle 
detector in accordance with the position and the prede- 
termined intervals selected by the selector. Therefore, 
75 the output voltage of each of the third and fourth mag- 
netic sensors for detecting the positions different from 
the positions detected by the first and second magnetic 
sensors by a predetermined angle is used to correct the 
sag portion of the output voltage of each of the first and 
20 second magnetic sensors. Therefore, when a sag por- 
tion is present in the characteristic of the output voltage 
of the first and second magnetic sensors, torque can be 
detected. Thus, the torque detecting device can be real- 
ized which is capable of easily managing the accuracy 
25 of the output voltage of the magnetic sensor when a 
manufacturing process is performed. 
[0629] In the fourteenth invention, the calculator 
calculates the corrective value for correcting the tor- 
sional angle detected by the torsional angle detector in 
30 accordance with the positions selected by the selector 
and the positions detected by the first to fourth magnetic 
sensors. The corrector corrects the torsional angle in 
accordance with the corrective value calculated by the 
calculator and the positions selected by the selector. 
35 Thus, the output voltage of each of the third and fourth 
magnetic sensors for detecting the position different 
from the positions detected by the first and second mag- 
netic sensors by a predetermined angle is used to cor- 
rect the sag portion of the output voltage of each of the 
40. first and second magnetic sensors. Therefore, when a 
sag portion is present in the characteristics of the output 
voltage of the magnetic sensors, torque can be 
detected. Thus, the torque detecting device can be real- 
ized which is capable of easily managing the accuracy 
45 of the output voltage of the magnetic sensor when a 
manufacturing process is performed. 
[0630] In the fifteenth invention, the portion which is 
magnetically discontinuous is spirally formed on the cir- 
cumferential surface of each of the input shaft and the 
so output shaft. Therefore, the position in the axial direc- 
tion detected by each magnetic sensor and the angle in 
the circumferential direction can be made correspond to 
each other. Therefore, when, a sag portion is present in 
the characteristic of the output voltage of the magnetic 
55 sensor, torque can be detected. Thus, the torque 
detecting device can be realized which is capable of 
easily managing the accuracy of the output voltage of 
the magnetic sensor when a manufacturing process is 



63 

NSOCCIO: <EP 108721BA1_I_> 



125 



EP 1 087 218 A1 



126 



performed. 

[0631] In the sixteenth invention, the plural portions 
which are magnetically discontinuous are provided on 
the circumferential surfaces of the input shaft and the 
output shaft at the same intervals. Therefore, the output 5 
voltage of the magnetic sensor per angle in the circum- 
ferential direction can be enlarged. Therefore, when a 
sag portion is present in the characteristic of the output 
voltage of the magnetic sensor, torque can be detected. 
Thus, the torque detecting device can be realized which w 
is capable of easily managing the accuracy of the output 
voltage of the magnetic sensor when a manufacturing 
process is performed. 

[0632] In the seventeenth invention, the portion 
which is magnetically discontinuous is a protrusion 75 
made of the magnetic material. Therefore, when a sag 
portion is present in the characteristics of the output 
voltage of the magnetic sensor, torque can be detected. . . 
Thus, the torque detecting device can be realized which 
is capable of easily managing the accuracy of the output 20 
voltage of the magnetic sensor when a manufacturing 
process is performed. 

[0633] In the eighteenth invention, the storage units 
store the electric signals which are outputted to corre- 
spond to the positions detected by the first to fourth 25 
magnetic sensors and electric signals which are previ- 
ously set and must be outputted to correspond to the 
positions detected by the first to fourth magnetic sen- 
sors corresponding to one another. The output unit out- 
puts the electric signal which must be outputted in 30 
accordance with the electric signal outputted from the 
first to fourth magnetic sensors and the contents stored 
in each of the storage units. Thus, each electric signal 
outputted from the output unit is made to be each signal 
indicating the position detected by each of the first to 35 
fourth magnetic sensors. Therefore, when a sag portion 
is present in the characteristic of the output voltage of 
the magnetic sensors, torque can be detected. Thus, 
the torque detecting device can be realized which is 
capable of easily managing the accuracy of the output 40 
voltage of the magnetic sensor when a manufacturing 
process is performed. 

[0634] In the nineteenth invention, the input shaft is 
connected to the steering wheel. The electric motor for 
assisting steering is driven and controlled in accordance 45 
with the steering torque applied on the steering wheel. 
The output shaft is interlocked to the electric motor. Any 
one of the torque detecting device according to the 
twelfth invention to eighteenth invention detects the 
steering torque applied on the input shaft in accordance so 
with the torsional angle generated in the connecting 
shaft for connecting the input shaft and the output shaft. 
Thus, the steering apparatus can be realized which is 
capable of detecting torque when a sag portion is 
present in the characteristic of the output voltage of the 55 
magnetic sensors of the torque detecting device and 
easily managing the accuracy of the output voltage of 
the magnetic sensor when the torque detecting device 



is manufactured. 

[0635] In the twentieth invention, the portion which 
is magnetically discontinuous is provided on the circum- 
ferential surface of the rotating shaft such that the por- 
tion which is magnetically discontinuous is displaced in 
the axial and circumferential directions of the rotating 
shaft The first magnetic sensor detects the position of 
the portion in the axial direction. Thus, the rotational 
angle from the first magnetic sensor as the base point of 
the rotating shaft is detected in accordance with the 
position detected by the first magnetic sensor. The one 
or more second magnetic sensors are provided for 
detecting a position distant from the position which must 
be detected by the first magnetic sensor for a predeter- 
mined distance. The judging unit judges a breakdown in 
accordance with the distance of the positions detected 
by the second and first magnetic sensors. Thus, the 
rotational angle detecting device can be realized which 
does not include a contact and sliding portion, which 
realizes satisfactory durability, and a breakdown of 
which can easily be detected. 

[0636] In the twenty-first invention, the portion 
which is magnetically discontinuous is spirally provided 
on the circumferential surface of the rotating shaft in the 
axial and circumferential directions thereof. By detecting 
the position of the portion which is magnetically discon- 
tinuous in the axial direction, the rotational angle of the 
rotating shaft from the first magnetic sensor as the base 
point can be detected. The one or more second mag- 
netic sensors are provided for detecting positions dis- 
tant from the position which must be detected by the 
first magnetic sensor for a predetermined distance. The 
judging unit judges breakdown in accordance with the 
distance between positions detected by the second 
magnetic sensor and the first magnetic sensor. Thus, 
the rotational angle detecting device can be realized 
which does not include a contact and sliding portion, 
which realizes satisfactory durability, and a breakdown 
of which can easily be detected. 

[0637] In the twenty-second invention, the protru- 
sion made of magnetic material is spirally formed on the 
circumferential surface in the axial direction of a rotating 
shaft The first magnetic sensor detects the position of 
the protrusion in the axial direction of the rotating shaft. 
Thus, the rotational angle of the rotating shaft from the 
first magnetic sensor as the base point in the circumfer- 
ential direction is detected. The one or more second 
magnetic sensor are provided for detecting a position 
distant from the position which must be detected by the 
first magnetic sensor for a predetermined distance. The 
judging unit judges breakdown in accordance with the 
distance of the positions detected by the second mag- 
netic sensor and the first magnetic sensor. Thus, the 
rotational angle detecting device can be realized which 
does not include a contact and sliding portion, which 
realizes satisfactory durability, and a breakdown of 
which can easily be detected. 

[0638] In the twenty-third invention, the torque 
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applied on the input shaft is detected in accordance with 
the torsional angle generated in the connecting shaft for 
connecting the input shaft and the output shaft. The 
rotational angle detecting device according to any one 
of the twentieth invention to the twenty-second invention 5 
is attached to each of the input shaft and the output 
shaft. The detector detects the difference in the rota- 
tional angle detected by each of the rotational angle 
detecting devices. The detected difference in the rota- 
tional angle is made to be the torsional angle generated jq 
in the connecting shaft. Thus, the torque detecting 
device can be realized which has a simple construction, 
which is capable of reducing the manufacturing cost 
and which is arranged to detect breakdown. 
[0639] In the twenty-fourth invention, the input shaft is 
is connected to the steering wheel. The electric motor 
for assisting steering is driven and controlled in accord- 
ance with steering torque applied on the steering wheel. 
The output shaft is interlocked to the electric motor. The 
torque detecting device according to the twenty-third 20 
invention detects the steering torque applied on the 
input shaft in accordance with the torsional angle gener- 
ated in the connecting shaft for connecting the input 
shaft and the output shaft. Thus, the rotational angle 
detecting device included in the torque detecting device 25 
detects the rotational angle of the steering wheel: Thus, 
the steering apparatus comprising the torque detecting 
device according to the twenty-third invention can be 
realized. Moreover, the steering apparatus is able to use 
either or both of the rotational angle detecting device 30 
according to any one of the twentieth invention to 
twenty-second invention as the rotational angle detect- 
ing device. 

[0640] In the twenty-fifth invention, the first and sec- 
ond magnetic sensors detect the positions of portions 35 
which are magnetically discontinuous formed on the cir- 
cumferential surface of each of the input shaft and the 
output shaft connected to each other by a connecting 
shaft with displacement in the axial and circumferential 
directions. The position of the portion distant from the 40 
position of the portion detected by the first magnetic 
sensor and the second magnetic sensor for a predeter- 
mined distance in the circumferential direction and/or 
the axial direction is detected by the third and fourth 
magnetic sensors. Then, whether or not the position as 
detected by each of the first to fourth magnetic sensors 
is present in a first range is judged. The position for 
detecting the torsional angle of the connecting shaft is 
selected for each of the input shaft and the output shaft 
in accordance with a judgement result. The torsional so 
angle is detected in accordance with each of the 
selected positions. The torque applied on the input shaft 
is detected in accordance with the detected torsional 
angle. The first selector selects a pair from a pair con- 
sisting of the first magnetic sensor and the second mag- 55 
netic sensor and a pair consisting of the third magnetic 
sensor and the fourth magnetic sensor which does not 
include a magnetic sensor encountered breakdown 



when any one of the first to fourth magnetic sensor has 
encountered breakdown. The judging unit judges 
whether or not the position of the portion detected by 
the magnetic sensors in the pair selected by the first 
selector is present in a second range which is larger 
than the first range; and a detector for detecting the tor- 
sional angle in accordance with the position of the por- 
tion when the judging unit has judged that the position of 
the portion is present in the second range. Thus, the 
torque applied on the input shaft is detected in accord- 
ance with the torsional angle detected by the detector. 
Thus, the torque detecting device can be realized which 
comprises four magnetic sensors and which is capable 
of preventing interruption of torque detection in a case 
where breakdown of one of the magnetic sensors has 
occurred so that assisting steering is not rapidly 
changed: 

[0641] In the twenty-sixth invention, the second 
selector selects the pair from the pair consisting of the 
first magnetic sensor and the third magnetic sensor and 
the pair consisting of the second magnetic sensor and 
the fourth magnetic sensor which does not include the 
magnetic sensor encountered breakdown. The judging 
unit judges whether or not the two positions detected by 
the pairwise magnetic sensors selected by the second 
selector are present in the first range. The third selector 
selects one position from the two positions in accord- 
ance with a judgement result made by the judging unit. 
The corrector corrects the position selected by the third 
selector in accordance with the two positions and each 
of a predetermined distance. Thus, whether or not the 
position of the portion is present in the second range in 
accordance with the position corrected by the corrector. 
As a result, the torque detecting device can be realized 
which comprises the four magnetic sensors and which 
is capable of preventing interruption of torque detection 
in a case where breakdown of one of the magnetic sen- 
sors has occurred so that assisting steering is not rap- 
idly changed. 

[0642] In the twenty-seventh invention, the portion 
which is magnetically discontinuous is spirally provided 
on the circumferential surface of each of the input shaft 
and the output shaft Therefore, the position detected by 
each of the magnetic sensors in the axial direction and 
an angle in the circumferential direction can be made 
correspond to each other. Therefore, the torque detect 1 
ing device can be realized which is capable of prevent- 
ing interruption of torque detection in a case where 
breakdown of one of the four magnetic sensors has 
occurred so that assisting steering is not rapidly 
changed. 

[0643] In the twenty-eighth invention, a plurality of 
the portions which are magnetically discontinuous are 
provided on the circumferential surface of each of the 
input shaft and the output shaft at the same intervals. 
Therefore, the output voltage of the magnetic sensor 
per angle in the circumferential direction can be raised. 
Therefore, the torque detecting device can be realized 



65 

MSDOCIO: <EP 1087218A1_I_> 



129 



EP 1 087 218 A1 



130 



which is capable of preventing interruption of torque 
detection in a case where breakdown of one of the four 
magnetic sensors has occurred so that assisting steer- 
ing is not rapidly changed. 

[0644] In the twenty-ninth invention, the portion 5 
which is magnetically discontinuous is a protrusion 
made of magnetic material. Therefore, the torque 
detecting device can be realized which is able to detect 
the torque when a sag portion is present in the charac- 
teristic of the output voltage of the magnetic sensor and 10 
which is capable of preventing interruption of torque 
detection in a case where breakdown of one of the four 
magnetic sensors has occurred so that assisting steer- 
ing is not rapidly changed. 

[0645] In the thirtieth invention, the input shaft is is 
connected to the steering wheel. The electric motor for 
assisting steering is driven and controlled in accordance 
with steering torque applied on the steering wheel. The 
output shaft is interlocked to the electric motor. The 
torque detecting device according to any one of the 20 
twenty -fifth invention to twenty-ninth invention detects 
the steering torque applied on the input shaft in accord- 
ance with the torsional angle generated in the connect- 
ing shaft for connecting the input shaft and the output 
shaft. Thus, the steering apparatus can be realized 25 
which comprises a torque detecting device having four 
magnetic sensors, which is capable of preventing inter- 
ruption of torque detection in a case where breakdown 
of one of the four magnetic sensors has occurred so 
that assisting steering is not rapidly changed. 30 
[0646] In the thirty-first invention, the hysteresis of 
the output of the magnetic sensor disposed opposite to 
the targets is monitored. In accordance with the maxi- 
mum value and the minimum value of the output gener- 
ated during passing of the previous target, the gain with 35 
which the output of the magnetic sensor during passing 
of a next target is multiplied is sequentially corrected. 
When the next target passes, the rotational angle is cal- 
culated in accordance with a result of multiplication of 
the actual output of the magnetic sensor with the correc- 40 
tive gain. Thus, change in the output characteristics of 
the magnetic sensor caused from an influence of the 
temperature and an influence caused from time is com- 
pensated. 

[0647] In the thirty-second invention, the difference 45 
between the maximum value and a minimum value of 
the output of the magnetic sensor during passing of the 
target is obtained as a value on which any influence of 
change of the air gap is not exerted. The reference gain 
set with respect to the reference difference is multiplied so 
with the ratio of the difference and the predetermined 
reference difference to obtain an accurate corrective 
gain. In a period in which the next target passes, the 
corrective gain is multiplied with the actual output of the 
magnetic sensor so as to be made coincide with the ref- 55 
erence output characteristic. In accordance with a 
result, an accurate rotational angle is calculated. 
[0648] In the thirty-third invention, the hysteresis of 



the output of the magnetic sensor disposed opposite to 
the targets is monitored. In accordance with the maxi- 
mum value and the minimum value of the output during 
passing of the previous target the offset amount super- 
imposed on the output owing to change of the air gap 
between the target and the magnetic sensor is sequen- 
tially obtained. In a period in which a next target passes, 
the obtained amount of offset for the previous target is 
added to the actual output of the magnetic sensor to 
omit an error in the output caused from change of the air 
gap. In accordance with a result, an accurate rotational 
angle is calculated. 

[0649] In the thirty-fourth invention, the average 
value of the maximum value and the minimum value of 
the output of the magnetic sensor during passing of the 
previous target is obtained as a value on which any 
influence is exerted from the output characteristics of 
the magnetic sensor. The difference between the fore- 
going value and the predetermined reference average 
value is made to be the offset amount which is added to 
the output of the magnetic sensor generated in a period 
in which a next target passes. In accordance with a 
result of addition, an accurate rotational angle from 
which an influence of change of the air gap has been 
omitted is calculated. 

[0650] In the thirty-fifth invention, a plurality of the 
magnetic sensors are provided in the circumferential 
direction of the target such that the phases of the mag- 
netic sensors are shifted in the circumferential direction. 
Therefore, influences of the difference in the output 
characteristics of each magnetic sensor and that in the 
air gap between each magnetic sensor and the target 
can be eliminated. Thus, an accurate rotational angle is 
calculated. 

[0651] In the thirty-sixth invention, two rotational 
angle detecting devices which can obtain an accurate 
rotational angle without any influence of the output char- 
acteristics of each magnetic sensor and that of the air 
gap between the magnetic sensor and the target are 
disposed in the axial direction of the rotating shaft which 
must be detected. In accordance with the difference in 
the rotational angle detected by each of the rotational 
angle detecting devices, the rotational torque applied on 
the rotating shaft can accurately be detected. 
[0652] In the thirty-seventh invention, the member 
formed by coaxially connecting the first shaft and the 
second shaft through the torsion bar must be detected. 
The target is parallel ly provided for each of the first and 
second shafts. Moreover, a magnetic sensor is dis- 
posed opposite to the targets to accurately detect the 
rotational torque applied on the first and second shafts 
in accordance with the difference in the rotational angle 
generated between the two shafts with a twist of the tor- 
sion bar. 

[0653] In the thirty-eighth invention, above-men- 
tioned rotational angle detecting device and torque 
detecting device are applied to the steering apparatus 
for an automobile. Accurately detected values of the 
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steering angle and the steering torque are obtained. 
The obtained results are used to, for example, drive and 
control the rotation of the electric motor for assisting 
steering. Thus, a reliable electric power steering appa- 
ratus is provided. 5 
[0654] In the thirty-ninth invention, the torque 
detecting device has the construction that the two pairs 
of the targets and the magnetic sensors are provided in 
the axial direction of the rotating shaft which must be 
detected. In accordance with the difference in the output w 
between the magnetic sensors in the two pairs, the rota- 
tional torque is calculated. When change in the outputs 
of the selected magnetic sensors in the two pairs which 
are being used to calculate the rotational torque is 
observed, attention is given to a fact that the sign of the 75 
difference in the output is inverted between a linearly- 
changed region and a nonlinearly-changed region. In 
accordance with inversion of the sign and reduction in 
the absolute value of the difference in the output occur- 
ring before the inversion, shift from the linearly-changed 20 
region to the nonlinearly-changed region is judged. In 
accordance with a result of the judgement, a magnetic 
sensor for use to calculate the rotational torque is 
selected. 

[0655] In the fortieth invention, a judgement is per- 25 
formed such that the output of the selected magnetic 
sensor is being shifted from the linearly-changed region 
to the nonlinearly-changed region when the absolute 
value of the difference in the output of the magnetic sen- 
sors for use to calculate the present rotational torque is 30 
smaller than the absolute value of the difference in the 
output of the non-selected magnetic sensor, that is, the 
magnetic sensor which is not used to calculate the 
present rotational torque. Thus, switching of the mag- 
netic sensor which is being selected at present to the as 
non-selected magnetic sensor is performed. When the 
difference in the output of the non-selected magnetic 
sensor presents in the nonlinearly-changed region, 
there is apprehension that the foregoing relationship 
about the magnitude of the absolute value is held. 40 
Therefore, also the sign of the difference in the output of 
the magnetic sensors which are being selected and 
those which are not being selected is detected. The 
foregoing switching is performed only when the signs of 
the differences are the same. 45 
[0656] In the forty -first invention, the targets are 
paraUelly provided on the first shaft and the second 
shaft coaxially connected to each other through the tor- 
sion bar. Two magnetic sensors are disposed opposite . 
to each other on the outside of each target. The great so 
difference in the rotational angle generated between the 
two shafts with twisting of the torsion bar is accurately 
detected by selecting the magnetic sensor. A result of 
the detection is used to accurately detect the rotational 
angle which is applied on the first and second shafts. 55 
[0657] In the forty-second invention, the torque 
detecting device according to the thirty-ninth invention 
to forty-first invention capable of accurately calculating 



the torque is applied to a steering apparatus for an auto- 
mobile. An accurately detected value of the steering 
torque which is applied on the steering shaft for per- 
forming steering is detected. A result of the detection is 
used to perform various controls, such as control of the 
electric motor for assisting steering. 
[0658] In the forty-third invention, the hysteresis of 
the outputs of the magnetic sensors opposite to the tar- 
gets disposed apart from one another in the axial direc- 
tion of the rotating shaft is monitored. The average 
value of the outputs of the magnetic sensors in a period 
in which the previous target passes is obtained. The 
corrective gain for making the outputs of the two mag- 
netic sensors to coincide with the foregoing average 
value is previously set. In a period in which a next target 
passes, the outputs of the magnetic sensors are not 
directly used. As an alternative to this, a result obtained 
by multiplying the set corrective gain with the foregoing 
outputs is used to calculate the rotational torque. Thus, 
change in the output characteristics of the magnetic 
sensor caused from an influence of the temperature and 
an influence owing to time is compensated. 
[0659] In the forty-fourth invention, the plural mag- 
netic sensors are disposed on the outside of each of the 
two targets provided for the rotating shaft. An influence 
of the difference in the output characteristics of each 
magnetic sensor can be eliminated, causing accurate 
calculation of the rotational torque to be performed. 
[0660] In the forty-fifth invention, the targets are 
parallelly provided for each of the first and second 
shafts coaxially connected to each other through the 
torsion bar. The magnetic sensors are disposed oppo- 
site to the targets. Thus, a great difference in the rota- 
tional angle generated between the two shafts with the 
twisting of the torsion bar is accurately calculated by 
setting the foregoing corrective gain. A result of the cal- 
culation is used to accurately detect the rotational angle 
applied on the first and second shafts. 
[0661] In the forty-sixth invention, above-mentioned 
torque detecting device is applied to a steering appara- 
tus for an automobile. An accurately detected value of 
the steering torque applied on the steering shaft for per- 
forming steering is detected. A result of the detection is 
used to perform various controls, such as control of the 
electric motor for assisting steering. 
[0662] In the forty-seventh invention, the plural tar- 
gets inclined with respect to the axial direction and pro- 
vided in the circumferential direction are integrally 
formed with the outer periphery of the annular disc- 
shape plate having a fitting hole for fitting the rotating 
shaft formed in the axis thereof and made of magnetic 
material by press -working performed from the two posi- 
tions in the direction of the thickness of the annular disc- 
shape plate. The thus-manufactured target plate is, 
from outside, secured to the rotating shaft through the 
fitting hole. Thus, a target realizing excellent accuracy of 
the shape thereof can easily be manufactured. The 
magnetic sensor is disposed on the outside of the tar- 
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gets to opposite the targets. In accordance with an out- 
put of the magnetic sensor, an accurate rotational angle 
is obtained. 

[0663] In the forty-eighth invention, two target 
plates integrally comprising targets realizing excellent 5 
accuracy of the shape is fitted to the rotating shaft in the 
axial direction of the rotating shaft. Moreover, the mag- 
netic sensor is disposed opposite to each target at a 
position on the outside of the target plate. In accordance 
with the difference in the rotationaJ angles each of which w 
is obtained in accordance with the output of the mag- 
netic sensor, accurate rotational torque is obtained. 
[0664] In the forty-ninth invention, the target plate 
integrally comprising the targets realizing excellent 
accuracy of the shape is fitted to the first shaft and sec- 15 
ond shaft which are coaxially connected to each other 
through the torsion bar. Moreover, the magnetic sensors 
are disposed on the outside of the target plates to be 
opposite to the target plates. Thus, the great difference 
in the rotational angle generated between the first and 20 
second shafts with twisting of the torsion bar is accu- 
rately detected. The result of the detection is used to 
detect the rotational torque with high accuracy applied 
on the first and second shafts. 

[0665] In the fiftieth invention, the rotational angle 25 
detecting device according to the forty-seventh inven- 
tion capable of detecting the rotational angle with high 
accuracy and the torque detecting device according to 
the forty-eighth invention and/or the forty-ninth invention 
capable of detecting the rotational torque with high 30 
accuracy is applied to a steering apparatus of an auto- 
mobile. An accurately detected value of the rotational 
angle (the steering angle) of the steering shaft and that 
of the rotational torque (the steering torque) applied on 
the steering shaft are detected. Results of the detection 35 
are used to perform various controls, such as the con- 
trol of the electric motor for assisting steering. 
[0666] In the fifty-first invention, the limiting member 
is disposed between the target plates fitted to the first 
and second shafts and having the targets on the circum- 40 
ferential surface thereof. Thus, inclination of the target 
plates occurring in a plane including the axis caused 
from deflection and deformation of the torsion bar is lim- 
ited. Thus, change in the position of the targets provided 
for the outer surface is prevented. Thus, occurrence of a 45 
detection error of the rotational torque can be pre- 
vented. 

[0667] In the fifty-second invention, the two sides of 
the annular member fitted to the first and second shafts 
are brought into contact with the target plates fitted to 50 
the two shafts. The limiting member limits the inclination 
of the target plates. The annular member maintains its 
attitude such that the first and second shafts are used 
as support members. Thus, limitation of the inclination 
of the target plate can reliably be performed. Change in 55 
the position of the target can be prevented to detect the 
rotational torque with high accuracy. 
[0668] In the fifty-third invention, the torque detect- 



ing device according to the fifty-first invention or the fifty- 
second invention capable of detecting the rotational 
torque with high accuracy is applied to a steering appa- 
ratus for an automobile. The rotational torque (the steer- 
ing torque) applied on the steering shaft for connecting 
the steering wheel and the steering mechanism is accu- 
rately detected. A result of the detection is used to per- 
form various controls, such as control of the electric 
motor for assisting steering. 

Claims 

1 . A rotational angle detecting device comprising: 

a rotor having a portion which is magnetically 
discontinuous in an axial and a circumferential 
directions thereof and 

a magnetic sensor for detecting the position in 
an axial direction of said rotor where magneti- 
cally change occurs on the circumferential sur- 
face of said rotor when said rotor rotates; 
wherein 

a rotational angle of said rotor from said mag- 
netic sensor as the base point is detected in 
accordance with the position detected by said 
magnetic sensor. 

2. A rotational angle detecting device according to 
claim 1 , wherein said portion which is magnetically 
discontinuous is provided spirally on the circumfer- 
ential surface of said rotor. 

3. A rotational angle detecting device according to 
claim 2, wherein a plurality of said portions which 
are magnetically discontinuous are provided on the 
circumferential surface of said rotor at the same 
intervals. 

4. A rotational angle detecting device according to any 
one of claims 1 to 3, wherein said portion which is 
magnetically discontinuous is formed nonlinearly 
with respect to said rotational angle to make an out- 
put of the magnetic sensor to be linear with respect 
to said rotational angle. 

5. A rotational angle detecting device according to any 
one of claims 1 to 4, wherein 

said portion which is magnetically discontinu- 
ous is divided into an axial direction of said 
rotor at the same position of the circumferential 
direction of said rotor, and 
the divided portions are connected with each 
other in an axial direction of said rotor. 

6. A rotational angle detecting device according to any 
one of claims 1 to 5, wherein said portion which is 
magnetically discontinuous is formed by winding a 
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coil around the circumferential surface of said rotor 
and by welding or bonding the coil. 

7. A rotational angle detecting device according to any 
one of claims 1 to 5, wherein said portion which is 5 
magnetically discontinuous is formed by irradiating, 
the circumferential surface of said rotor with an 
energy beam. 

8. A rotational angle detecting device, comprising: w 

a rotor having protrusions formed spirally on 
the circumferential surface thereof and made of 
magnetic material; and 

plural magnetoresistance effect elements for is 
detecting the position in an axial direction of 
said rotor when said rotor rotates; wherein 
a rotational angle of said rotor from said plural 
magnetoresistance effect elements as the 
base points is detected in accordance with the 20 
positions detected by said plural magnetore- 
sistance effect elements. 

9. A torque detecting device for detecting torque 
applied on an input shaft in accordance with a tor- 25 
sional angle generated in a connecting shaft for 
connecting said input shaft and an output, shaft, 
comprising: 

rotational angle detecting devices according to 30 
any one of claims 1 to 8 attached to each of 
said input shaft and said output shaft, respec- 
tively; and 

a rotational angle difference detector for detect- 
ing the difference between the rotational 3S 
angles detected by said rotational angle detect- 
ing devices; wherein 

the difference in the rotational angle detected 
by said rotational angle difference detector is 
made to be the torsional angle. 40 

10. A torque detecting device for detecting torque 
applied on an input shaft in accordance with a tor- 
sional angle generated in a connecting shaft for 
connecting said input shaft and an output shaft, as 
comprising: 

rotational angle detecting devices according to 
any one of claims 1 to 8 attached to each of 
said input shaft and said output shaft, respec- so 
tively; 

two first calculators for calculating the oppo- 
site-phase difference between detection sig- 
nals detected by said rotational angle detecting 
devices; and 55 
a second calculator for calculating the differ- 
ence between the differences calculated by 
said two first calculator; wherein 



the difference detected by said second calcula- 
tor is made to be the torsional angle. 

11. A steering apparatus, comprising: 

an input shaft connected to a steering wheel; 
an electric motor for assisting steering which is 
driven and controlled in accordance with steer- 
ing torque applied on said steering wheel;, 
an output shaft interlocked to said electric 
motor; and 

a torque detecting device for detecting the 
steering torque applied on said input shaft in 
accordance with the torsional angle generated 
in a connecting shaft for connecting said input 
shaft and said output shaft; wherein 
a rotational angle detecting device included in 
said torque detecting device detects the rota- 
tional angle of said steering wheel. 

12. A torque detecting device, comprising: 

an input shaft and an output shaft each having 
. a portion which is magnetically discontinuous 
in an axial and a circumferential directions 
thereof; 

a connecting shaft for connecting said input 
shaft and said output shaft; 
first and second magnetic sensors for detecting 
the positions where magnetic change occurs 
on the circumferential surfaces in the axial 
direction of said input shaft and said output 
shaft when said input shaft and said output 
shaft rotate; 

third and fourth sensors for detecting the posi- 
tions in said axial direction which are distant 
from said positions detected by said first and 
second magnetic sensors for a predetermined 
distance in said circumferential direction and/or 
said axial direction; 

a judging unit for judging whether or not said 
positions detected by said first to fourth mag- 
netic sensors are included in a predetermined 
range; 

a selector for selecting the position for detect- 
ing a torsional angle of said connecting shaft 
for each of said input shaft and said output 
shaft in accordance with a judgement result 
made by said judging unit; and 
a torsional angle detector for detecting the tor- 
sional angle in accordance with each position 
selected by said selector; wherein 
the torque applied on said input shaft is 
detected in accordance with the torsional angle 
detected by said torsional angle detector. 

13. A torque detecting device according to claim 12, 
further comprising a corrector for correcting the tor- 
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sional angle detected by said torsional angle detec- 
tor in accordance with each position selected by 
said sensor and each predetermined distance. 

14. A torque detecting device according to claim 12, 5 
further comprising: 

a calculator for calculating a corrective value for 
correcting the torsional angle detected by said 
torsional angle detector in accordance with w 
each position selected by said sensor and the 
position detected by each of said first to fourth 
magnetic sensors; and 

a corrector for correcting the torsional angle in 
accordance with the corrective value calculated 15 
by said calculator and each position selected 
by said selector. 

15. A torque detecting device according to any one of 
claims 1 2 to 14, wherein said portion which is mag- 20 
netically discontinuous is provided spirally on each 
circumferential surface of said input shaft and said 
output shaft. 

16. A torque detecting device according to claim 15, 25 
wherein a plurality of said portions which are mag- 
netically discontinuous are provided on the circum- 
ferential surface of each of said input shaft and said 
output shaft at the same intervals. 

30 

17. A torque detecting device according to any one of 
claims 1 2 to 1 6, wherein said portion which is mag- 
netically discontinuous is formed by protrusions 
made of magnetic material. 

35 

18. A torque detecting device according to claim 26, 
further comprising: 

storage units in which electric signals which are 
outputted to correspond to the positions 40 
detected by said first to fourth magnetic sen- 
sors and predetermined electric signals which 
must be outputted to correspond to the posi- 
tions detected by said first to fourth magnetic 
sensors are made to correspond to one 45 
another and stored therein; and 
an output unit for outputting each electric signal 
which must be outputted in accordance with 
the electric signals outputted from said first to 
fourth magnetic sensors and the contents so 
stored in each storage unit; 
wherein each electric signal outputted from 
said output unit is made to be the signals indict- 
ing the positions detected by said first to fourth 
magnetic sensors. 55 

19. A steering apparatus, comprising: 



an input shaft connected to a steering wheel; 
an electric motor for assisting steering which is 
driven and controlled in accordance with the- 
steering torque applied on said steering wheel; 
an output shaft interlocked to said electric 
motor; and 

a torque detecting device according to any one 
of claims 12 to 18 for detecting the steering 
torque applied on said input shaft in accord- 
ance with the torsional angle generated in a 
connecting shaft for connecting said input shaft 
and said output shaft. 

20. A rotational angle detecting device, comprising: 

a rotating shaft having a portion which is mag- 
netically discontinuous on the circumferential 
surface thereof in an axial and a circumferential 
directions thereof; and 

first magnetic sensors for detecting the posi- 
tions where magnetic change occurs on the cir- 
cumferential surfaces of said rotating shaft in 
said axial direction when said rotating shaft 
rotates; wherein 

a rotational angle of said rotating shaft from 
said magnetic sensor as the base point is 
detected in accordance with the position 
detected by said magnetic sensor, further com- 
prising; 

one or more second magnetic sensors for 
detecting a position distant from the position 
which must be detected by said first magnetic 
sensor for a predetermined distance; and 
a judging unit for judging a failure in accord- 
ance with the distance between the position 
detected by said second magnetic sensor and 
said first magnetic sensor. 

21. A rotational angle detecting device according to 
claim 20, wherein said portion which is magneti- 
cally discontinuous is provided spirally on the cir- 
cumferential surface of said rotating shaft. 

22. A rotational angle detecting device, comprising: 

a rotating shaft having protrusions provided 
spirally on the circumferential surface thereof 
and made of magnetic material; 
a first magnetic sensor for detecting the posi- 
tion where magnetic change occurs on the cir- 
cumferential surface of said rotating shaft in 
said axial direction when said rotating shaft 
rotates; wherein 

a rotational angle of said rotating shaft from, 
said first magnetic sensor in the circumferential 
direction of said rotating shaft is detected in 
accordance with the position detected by said 
first magnetic sensor, further comprising; 
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one or more second magnetic sensors for 
detecting a position distant from the position 
which must be detected by said first magnetic 
sensor for a predetermined distance; and 
a judging unit for judging a failure in accord- 5 
ance with the intervals between the position 
detected by said second magnetic sensor and 
said first magnetic sensor. 

23. A torque detecting device for detecting torque w 
applied on an input shaft in accordance with the tor- 
sional angle generated in a connecting shaft for 
connecting said input shaft and an output shaft, 
comprising: 

15 

a rotational angle detecting device according to 
any one of claims 20 to 22 attached to each of 
said input shaft and said output shaft; and 
a detector for detecting the difference in the 
angles detected by said rotational angle detect- 20 
ing devices; wherein 

the difference in the angle detected by said 
detector is made to be a torsional angle. 

24. A steering apparatus, comprising: 25 

an input shaft connected to a steering wheel; 
an electric motor for assisting steering which is 
driven and controlled in accordance with the 
steering torque applied on said steering wheel; 30 
an output shaft interlocked to said electric 
motor and 

a torque detecting device according to claim 23 
for detecting the steering torque applied on 
said input shaft in accordance with the torsional 35 
angle generated in a connecting shaft for con- 
necting said input shaft and said output shaft; 
wherein 

a rotational angle detecting device included in 
said torque detecting device detects the rota- 40 
tional angle of said steering wheel. 

25. A torque detecting device, comprising: 

an input shaft and an output shaft each having 45 
a portion which is magnetically discontinuous 
in an axial and a circumferential directions 
thereof; 

a connecting shaft for connecting said input 
shaft and said output shaft; 50 
first and second magnetic sensors for detecting 
the positions where magnetic change occurs 
on the circumferential surfaces of said input 
shaft and said output shaft in said axial direc- 
tion when said input shaft and said output shaft 55 
rotate; 

third and fourth magnetic sensors for detecting 
the positions in said axial direction which are 



distant from said positions detected by said first 
and second magnetic sensors for a predeter- 
mined distance in said circumferential direction 
and/or said axial direction; wherein 
whether or not said positions detected by said 
first to fourth magnetic sensors are included in 
a first range is judged; 

the position for detecting a torsional angle of 
said connecting shaft for each of said input 
shaft and said output shaft is detected in 
accordance with the judgement result is made; 
a torsional angle is detected in accordance with 
each position selected by said selector; and 
the torque applied on said input shaft is 
detected in accordance with the torsional 
angle; further comprising; 
a first selector for selecting a pair which does 
not include a broken magnetic sensor from a 
pair consisting of said first magnetic sensor 
and said second magnetic sensor and a pair 
consisting of said third magnetic sensor and 
said fourth magnetic sensor when any one of 
said first to fourth magnetic sensor has been 
broken; 

a judging unit for judging whether or not the 
positions detected by said magnetic sensor of 
the pair selected by said first selector is 
included in a second range which is larger than 
said first range; and 

a detector for detecting the torsional angle in 
accordance with said position when said judg- 
ing unit has judged that the position is included 
in said second range; wherein 
torque applied on said input shaft is detected in 
accordance with the torsional angle detected 
by said detector. 

26. A torque detecting device according to claim 25, 
wherein 

said judging unit includes: 
a second selector for selecting a pair which 
does not include a broken magnetic sensor 
from a pair consisting of said first magnetic 
sensor and said third magnetic sensor and a 
pair consisting of said second magnetic sensor 
and said fourth magnetic sensor; 
a judging unit for judging whether or not two 
positions detected by said magnetic sensors in 
a pair selected by said second selector are 
included in said first range; 
a third selector for selecting one position from 
said two positions in accordance with a judge- 
ment result made by said judging unit; and 
a corrector for correcting the position selected 
by said third selector in accordance with said 
two positions and said predetermined distance; 
wherein 
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whether or not said position is included in said 
second range is judged in accordance with the 
position corrected by said corrector. 

27. A torque detecting device according to claim 25 or 5 
26, wherein said portion which is magnetically dis- 
continuous is provided spirally on each circumfer- 
ential surface of said input shaft and said output 
shaft. 

w 

28. A torque detecting device according to claim 27, 
wherein a plurality of said portions which are mag- 
netically discontinuous are provided on the circum- 
ferential surface of each of said input shaft and said 
output shaft at the same intervals. 15 

29. A torque detecting device according to any one of 
claims 25 to 28, wherein said portion which is mag- 
netically discontinuous is formed by protrusions 
made of magnetic material. 20 

30. A steering apparatus, comprising: 

an input shaft connected to a steering wheel; 
an electric motor for assisting steering which is 25 
driven and controlled in accordance with the 
steering torque applied on said steering wheel; 
an output shaft interlocked to said electric 
motor; and 

a torque detecting device according to any one 30 
of claims 25 to 29 for detecting the steering 
torque applied on said input shaft in accord- 
ance with the torsional angle generated in a 
connecting shaft for connecting said input shaft 
and said output shaft. 35 

31. A rotational angle detecting device, comprising: 

a plurality of targets disposed in the circumfer- 
ential direction of a rotating shaft such that said 40 
targets are inclined with respect to an axial 
direction of said rotating shaft by substantially 
the same angles; 

magnetic sensor disposed opposite to the posi- 
tion where said targets are disposed to gener- 45 
ate outputs which are changed when each 
target passes; and 

an angle calculator for calculating the rotational 
angle of said rotating shaft in accordance with 
a result obtained by multiplying outputs of said so 
magnetic sensor with a gain, wherein 
said angle calculator includes a gain corrector 
for correcting said gain in accordance with a 
maximum value and a minimum value of out- 
puts of said magnetic sensor when said plural 55 
targets pass. 

32. A rotational angle detecting device according to 
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claim 31 , wherein said gain corrector obtains a ratio 
of the difference between the maximum value and 
the minimum value and a predetermined reference 
difference to obtain a corrective gain by multiplying 
a result with the reference gain set for said refer- 
ence difference. 

33. A rotational angle detecting device, comprising: 

a plurality of targets disposed in the circumfer- 
ential direction of a rotating shaft such that said 
targets are inclined with respect to an axial 
direction of said rotating shaft by substantially 
the same angles; 

magnetic sensor disposed opposite to the posi- 
tion where said targets are disposed to gener- 
ate outputs which are changed when each 
target passes; and 

an angle calculator for calculating the rotational 
angle of said rotating shaft in accordance with 
a result obtained by multiplying outputs of said 
magnetic sensor with a gain, wherein 
said angle calculator includes an offsetting unit 
for offsetting said output in accordance with a 
maximum value and a minimum value of out- 
puts of said magnetic sensor when said plural 
targets pass. 

34. A rotational angle detecting device according to 
claim 33, wherein said offsetting unit makes the dif- 
ference between an average value of said maxi- 
mum value and said minimum value and a 
predetermined reference average value to be an 
offset amount. 

35. A rotational angle detecting device according to any 
one of claims 31 to 34, wherein a plurality of said 
magnetic sensors are provided in the circumferen- 
tial direction on the outside of said target such that 
the phases are shifted. 

36. A torque detecting device, comprising: 

two rotational angle detecting devices accord- 
ing to any one of claims 31 to 35 disposed 
apart from each other in the axial direction of 
said rotating shaft; and 

a torque calculator for calculating the torque 
applied on said rotating shaft in accordance 
with the difference in the rotational angle 
detected by each rotational angle detecting 
device. 

37. A torque detecting device according to claim 36, 
wherein 

said rotating shaft is a member constructed by 
coaxially connecting a first shaft and a second 
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shaft to each other through a torsion bar; and 
said targets are disposed adjacent to connect- 
ing portion between said first shaft and said 
second shaft. 

38. A steering apparatus, comprising: 

a rotational angle detecting device according to 
any one of claims 31 to 35 constructed such 
that a steering shaft for connecting a steering 
wheel and a steering mechanism is said rotat- 
ing shaft; and : - - 

a torque detecting device according to claim 36 
and/or 37. 

39. A torque detecting device, comprising: 

two pairs of plural targets and two magnetic 
sensors, wherein 

said plural targets are disposed in the cir- 
cumferential direction of a rotating shaft 
and inclined with respect to an axial direc- 
tion of said rotating shaft by substantially 
the same angles; and 
said two magnetic sensors are disposed 
opposite to each other at positions on the 
outside of said targets such that the 
phases of said magnetic sensors are 
shifted in the circumferential direction to 
generate outputs which are changed when 
each target passes; 

are provide apart from each other in the axial 
direction of said rotating shaft, and the differ- 
ence between outputs of either of selected 
magnetic sensor in each pair is used to calcu- 
late the rotational torque applied on said rotat- 
ing shaft; further comprising: 
a comparator for comparing the absolute value 
of the difference in the output of the selected 
magnetic sensors and the difference in the out- 
put of the non-selected magnetic sensors; 
a judging unit forjudging the sign of the differ- 
ence in the output between selected magnetic 
sensors and the sign of the difference in the 
output between non-selected magnetic sen- 
sors; and 

a selector for selecting a magnetic sensor for 
use in calculating the rotational torque in 
accordance with a judgement result by said 
judging unit and a comparison result by said 
comparator. 

40. A torque detecting device according to claim 39, 
wherein 

said selector changes selection of said mag- 



netic sensor when the comparison by said 
comparator has resulted in a fact that the abso- 
lute value of the difference in the output of the 
selected magnetic sensors is larger than the 

5 absolute value of the difference in the output of 

the non-selected magnetic sensors by a prede- 
termined quantity under condition that the 
judgement result by said judging unit are such 
that the selected magnetic sensors and the 

w non-sefected magnetic sensors are the same. 

41. A torque detecting device according to claim 39 or 
40, wherein 

75 said rotating shaft is a member constructed by 

coaxially connecting a first shaft and a second 
shaft to each other through a torsion bar; and 
said targets are disposed adjacent to connect- 
ing portions between said first shaft and said 

20 second shaft. 

42. A steering apparatus, comprising: 

a torque detecting device according to any one 
25 of claims 39 to 41 constructed such that a 

steering shaft for connecting a steering wheel 
and a steering mechanism is said rotating 
shaft. 

30 43. A torque detecting device, comprising: 

two sets of plural targets and a magnetic sen- 
sor, wherein 
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said plural targets are disposed in the cir- 
cumferential direction of a rotating shaft 
and inclined with respect to an axial direc- 
tion of said rotating shaft by substantially 
the same angles; and 
said magnetic sensors are disposed oppo- 
site to the position corresponding to said 
targets to generate output changed when 
each target passes; 

are disposed apart from each other in the axial 
direction of said rotating shaft; and 
a torque calculating unit for calculating the. rota- 
tional torque applied on said rotating shaft in 
accordance with the difference in the output of 
the magnetic sensors of two sets; wherein 
said torque calculating unit obtains an average 
value of said two pairs of said magnetic sen- 
sors during passing of each of said plural tar- 
gets to set a corrective gain with which each 
output is multiplied so as to make coincide the 
outputs of the two sets of said magnetic sen- 
sors with said average value. 
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44. A torque detecting device according to claim 43, 
wherein a plurality of said two sets of said magnetic 
sensors are disposed in the circumferential direc- 
tion on the outside of said target such that the 
phase of said magnetic sensors are shifted. 5 

45. A torque detecting device according to claim 43 or 
44, wherein 



said rotating shaft is a member constructed by 
coaxially connecting a first shaft and a second 
shaft to each other through a torsion bar; and 
said targets are disposed adjacent to connect- 
ing portions between said first shaft and said 
second shaft. 



10 



15 



said rotating shaft is a member constructed by 
coaxially connecting a first shaft and a second 
shaft to each other through a torsion bar; and 
said targets are fitted from outside adjacent to 
connecting portions between said first shaft 
and said second shaft. 

50. A steering apparatus, comprising: 

a rotational angle detecting device according to 
claim 47 constructed such that a steering shaft 
for connecting a steering wheel and a steering 
mechanism is said rotating shaft; and 
a torque detecting device according to claim 48 
and/or 49. 



46. A steering apparatus, comprising: 

a torque detecting device according to any one 
of claims 43 to 45 constructed such that a 
steering shaft for connecting a steering wheel 
and a steering mechanism is said rotating 
shaft. 

47. A rotational angle detecting device, comprising: 

a plurality of targets made of magnetic material 
and disposed in the circumferential direction of 
a rotating shaft such that said targets are 
inclined by substantially the same angles with 
respect to the axial direction of said rotating 
shaft; and 

magnetic sensor disposed opposite to said tar- 
gets and to generate output changed when 
each target passes; wherein 
the rotational angle of said rotating shaft is 
detected in accordance with the output gener- 
ated by said magnetic sensors when said mag- 
netic sensor passes; further comprising: 
a target plate formed into an annular disc -like 
shape having a fitting hole for fitting to said 
rotating shaft at an axis thereof from outside 
and integrally comprising said targets by a 
bending process. 

48. A torque detecting device, comprising: 

two rotational angle detecting devices accord- 
ing to claim 47 disposed apart from each other 
on the rotating shaft in the axial direction of 
said rotating shaft; wherein 
the rotational torque applied on said rotating 
shaft is calculated in accordance with the differ- 
ence in the rotational angle detected by said 
rotational angle detecting devices. 



51. A torque detecting device, comprising: 

a plurality of targets made of magnetic material 

20 and provided on the circumferential direction of 

each of first and second shafts coaxially con- 
nected to each other through a torsion bar; and 
magnetic sensors disposed opposite to said 
targets on the outside of said targets; wherein 

25 the rotational torque applied on each of said 

first and second shafts is detected in accord- 
ance with the difference in the outputs gener- 
ated by said magnetic sensors when each of 
said targets passes; further comprising: 

30 target plates fit to said first and second shafts 

from outside, respectively and having said tar- 
gets formed thereon; and 
a limiting member disposed between said tar- 
get plates to limit inclination of said target 

35 plates in a plane including the axis. 

52. A torque detecting device according to claim 51, 
wherein 

40 said limiting member is constructed by an 

annular member engaged and supported by 
said first or second shafts and having two sides 
brought into contact with said target plates. 

45 53. A steering apparatus, comprising: 

a torque detecting device according to claim 51 
or 52 having said first shaft which is an input 
shaft connected to a steering wheel and a sec- 
50 ond shaft which is an output shaft connected to 

a steering mechanism. 
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49. A torque detecting device according to claim 48, 
wherein 
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